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Intel was organized in 1968 to utilize the rapidly expanding technology of Integrated 
Electronics. During its brief history, Intel has become the world’s largest supplier of 
MOS circuits, and is in the top ten of the world’s producers of all semiconductor 
devices. 


This 928-page Data Catalog provides complete specifications on most of Intel standard 
component, memory system, and microcomputer related products. Margin tabs provide 
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beginning of each section allow location of specific circuit types. Ordering, packaging, 
and product flow information may be found in Section 15. 
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RANDOM ACCESS MEMORIES 


FUNCTIONAL INDEX 


DYNAMIC MOS RAMs 


2107B-5 4096 x 1 Dynamic MOS RAM 2-54 
STATIC MOS RAMS 2108-2 8192. x 1 Dynamic MOS RAM 2-60 
1101A 296 x 1 Static MOS RAM 2-4 2108-4 8192 x 1 Dynamic MOS RAM 2-60 
1101A1 296 x 1 Static MOS RAM 2-4 2116-2 16384 x 1 Dynamic MOS RAM 2-96 
2101A 256 x 4 Static MOS RAM 2-30 2116-3 16384 x 1 Dynamic MOS RAM 2-96 
2101A-2 206 x 4 Static MOS RAM 2-30 2116-4 16384 x 1 Dynamic MOS RAM 2-96 
2101A-4 256 x 4 Static MOS RAM 2-30 
2102A 1024 x 1 Static MOS RAM 2-34 BIPOLAR RAMs 
2102A-2 1024 x 1 Static MOS RAM 2-34 3101 16 x 4 Bipolar RAM 2-105 
2102A-4 1024 x 1 Static MOS RAM 2-34 3101A 16 x 4 Bipolar RAM 2-105 
2102A-6 1024 x 1 Static MOS RAM 2-34 3104 4x 4 Bipolar RAM 2-109 
2101AL 1024 x 1 Static MOS RAM 2-34 
102AL-2 1024 x 1 Static MOS RAM 0-34 CMOS RAMs 
2102AL-4 1024 x 1 Static MOS RAM 2-34 5101-8 256 x 4 CMOS RAM 2-113 
M2102A-4  1024x 1 Static MOS RAM 2-38 5101L 256 x 4 CMOS RAM 2-113 
2111A 256 x 4 Static MOS RAM 2-68 5101L-1 256 x 4 CMOS RAM 2-113 
2111A-2 256 x 4 Static MOS RAM 2-68 5101L-3 256 x 4 CMOS RAM 2-113 
2111A-4 256 x 4 Static MOS RAM 2-68 M5101-4 256 x 4 CMOS RAM 2-117 
2112A 256 x 4 Static MOS RAM 2-72 M5101L-4 256 x 4CMOS RAM 2-117 
2112A-2 256 x 4 Static MOS RAM 2-72 
2112A-4 256 x 4 Static MOS RAM 2-72 
2114 1024 x 4 Static MOS RAM 2-77 
2114-2 1024 x 4 Static MOS RAM 2-77 PROGRAMMABLE READ ONLY MEMORIES (PROMS) 
2114-3 1024 x 4 Static MOS RAM 2-77 
21141 1024 x 4 Static MOS RAM 2-77 MOS PROMs 
2114L-3 1024 x 4 Static MOS RAM 2-17 1702A 256 x 8 EPROM 3-5 
2115A 1024 x 1 Static MOS RAM 2-81 1702A-2 256 x 8 EPROM 3-5 
2115A-2 1024 x 1 Static MOS RAM 2-81 1702A-6 256 x 8 EPROM 3-5 
2115AL 1024 x 1 Static MOS RAM 2-81 M1702A 256 x 8 EPROM 3-9 
2115AL-2 1024 x 1 Static MOS RAM 2-81 1702AL 256 x 8 EPROM 3-11 
M2115A 1024 x 1 Static MOS RAM 2-86 1702AL-2 256 x 8 EPROM 3-11 
M2115AL 1024 x 1 Static MOS RAM 2-86 2704 512 x 8 EPROM 3-24 
2115 1024 x 1 Static MOS RAM 2-91 2708 1024 x 8 EPROM 3-24 
2115-2 1024 x 1 Static MOS RAM 2-91 2708-1 1024 x 8 EPROM 3-24 
2115L 1024 x 1 Static MOS RAM 2-91 M2708 1024 x 8 EPROM 3-27 
2125A 1024 x 1 Static MOS RAM 2-81 2716 2048 x 8 EPROM 3-30 
2125A-2 1024 x 1 Static MOS RAM 2-81 
O125AL -—-1024.x 1 Static MOS RAM 2-81 BIPOLAR PROMS 
2125AL-2  1024x 1 Static MOS RAM 2-81 3601 256 x 4 PROM 3-34 
M2125A 1024 x 1 Static MOS RAM 2-86 3601-1 296 x 4 PROM 3-34 
M2125AL 1024 x 1 Static MOS RAM 2-86 3621 256 x 4 PROM 3-34 
2125 1024 x 1 Static MOS RAM 2-91 3621-1 256 x 4 PROM 3-34 
2125-2 1024 x 1 Static MOS RAM 2-91 M3601 206 x 4 PROM 3-38 
2125L 1024 x 1 Static MOS RAM 2-91 3602A 512 x 4 PROM 3-40 
2147 4096 x 1 Static MOS RAM 2-104 3602A-2 912 x 4 PROM 3-40 

3602 512 x 4 PROM 3-40 
DYNAMIC MOS RAMs 3622A 512 x 4 PROM 3-40 
1103 1024 x 1 Dynamic MOS RAM 2-8 3622A-2 512 x 4 PROM 3-40 
1103-1 1024 x 1 Dynamic MOS RAM 2-13 3622 512 x 4 PROM 3-40 
1103A 1024 x 1 Dynamic MOS RAM 2-16 3604A 512 x 8 PROM 3-43 
1103A-1 1024 x 1 Dynamic MOS RAM 2-21 3604A-2 512 x 8 PROM 3-43 
1103A-2 1024 x 1 Dynamic MOS RAM 2-26 3604AL 512 x 8 PROM 3-43 
2104A-1 4096 x 1 Dynamic MOS RAM 2-40 3604 512 x 8 PROM 3-43 
2104A-2 4096 x 1 Dynamic MOS RAM 2-40 3604-4 512 x 8 PROM 3-43 
2104A-3 4096 x 1 Dynamic MOS RAM 2-40 3604L-6 512 x 8 PROM 3-43 
2104A-4 4096 x 1 Dynamic MOS RAM 2-40 3624A 512 x 8 PROM 3-43 
2107A 4096 x 1 Dynamic MOS RAM 2-48 3624A-2 512 x 8 PROM 3-43 
2107A-1 4096 x 1 Dynamic MOS RAM 2-48 3624 512 x 8 PROM 3-43 
2107A-4 4096 x 1 Dynamic MOS RAM 2-48 3624-4 512 x 8 PROM 3-43 
2107A-5 4096 x 1 Dynamic MOS RAM 2-48 M3604 512 x 8 PROM 3-46 
2107B 4096 x 1 Dynamic MOS RAM 2-54 M3624 512 x 8 PROM 3-46 
2107B-4 4096 x 1 Dynamic MOS RAM 2-54 3605 1024 x 4 PROM 3-48 


FUNCTIONAL INDEX 


BIPOLAR PROMs ADD-ON/ADD-IN MEMORIES 
3605-21024 x 4 PROM 3-48 | in-400 Honeywell/GE 400 Add-On 
3625 1024 x 4 PROM 3-48 in-481 Intellec® Development 
3625-2 1024 x 4 PROM 3-48 System Add-In 
3608 1024 x 8 PROM 3-51 | in-1611 DEC LSI-II/PDP-11/03 Add-In 
3608-4 1024 x 8 PROM 3-51 | in-1670 = DEC PDP-11/70 Add-On 
3628 1024 x 8 PROM 3-51 | in-4011 DEC PDP-11 Add-On 
3628-4 1024 x 8 PROM 3-51 | in-4711. «DEC PDP-11 Add-On 
MOS ROMs MCS-40™ MICROPROCESSOR 
4040 4-Bit Microprocessor 
ee aa sone ee 4004 4-Bit Microprocessor 
x 8 ROM 3-18 4003 10-Bit Shi ; 
it Shift Register 
a ; mara 8 ROM eee se 4265 Programmable General Purpose 1/0 
an ee eN Ons : 4269 Programmable Keyboard Display 
4201A Clock Generator 
4008/4 tandard Memory Interface 
SERIAL MEMORIES Se, ee 
1402A Quad 256-Bit Dynamic Shift Reg. 4-3 4289 Standard Memory Interface 
1403A Dual 512-Bit Dynamic Shift Reg. 4-3 4002 320-Bit RAM/4 Output Lines 
1404A 1024-Bit Dynamic Shift Reg. 4-3 4001 296 x 8 ROM/4 1/0 Lines 
1405A Dynamic Recirculating Shift Reg. 4-7 4308 1024 x 8 ROM/16 1/0 Lines 
2401 Dual 1024-Bit Dynamic 4316A 2048 x 8 ROM 
Recirculating Shift Reg. 4-11 4702A 256 x 8 Erasable PROM 
2405 1024-Bit Dynamic Recirculating 4801 Clock Generator Crystal 
Shift Reg. 4-11 
2416 CCD Serial Memor 4-15 
: : MCS-48™ MICROCOMPUTER 
8048/8748/8035 8-Bit Microcomputer 
MEMORY SUPPORT CIRCUITS 8243 MCS-48™ Input/Output Expander 
3205 1 of 8 Binary Decoder 5.3 Expansion of the MCS-48™ System 
3207A Quad Bipolar to MOS Driver 5-7 
3207A-1 Quad Bipolar to MOS Driver 5-11 : ™ 
2008A Hex Sense Ain 513 MCS-80/85™ MICROPROCESSOR 
3222 4K Dynamic RAM Refresh Cont. 5-19 8008/8008-1 8-Bit Microprocessor 
3232 4K Dynamic RAM Multiplexer and 8080A 8-Bit Microprocessor 
Refresh Counter 5-25 8080A-1 8-Bit Microprocessor 
3242 16K Dynamic RAM Multiplexer and 8080A-2 8-Bit Microprocessor 
Refresh Counter 5-29 M8080A 8-Bit Microprocessor (MIL) 
3245 Quad TTL to MOS Driver 5-33 8224 Clock Generator and Driver 
3404 High Speed 6-Bit Latch 5-3 M8224 Clock Generator and Driver (MIL) 
3408A Hex Sense Amp and Latch 5-13 8801 Clock Generator Crystal 
5235 Quad TTL to MOS Driver 5-37 8228/8238 System Controller and Bus Driver 
9239-1 High Speed Quad TTL to MOS Driver 5-37 M8228/M8238 System Controller and Bus 
5244 Quad CCD Driver 5-41 Driver (MIL) 
8085 8-Bit Microprocessor 
MEMORY AND !/0 EXPANDERS FOR MCS-85/48™ 
MEMORY SYSTEMS 8155 2048-Bit RAM with 1/0 
in-26A Static RAM 6-3 Ports and Timer 
in-40 Dynamic RAM 6-5 8355 16,384-Bit ROM with 1/0 
apes ae Serial mae nf 8755 16,384-Bit EPROM with 1/0 
in- Refresh Store - 
in-1600 Dynamic RAM 6-11 MEMORIES 
in-3000 Dynamic RAM 6-13 8101A-4 1024-Bit RAM with 1/0 
in-4580 BORAM 6-15 8102-4 1024-Bit MOS RAM 
in-8100 CMOS RAM 6-17 8111A-4 1024-Bit RAM with 1/0 
Memory System Applications 6-19 8308 8192-Bit MOS ROM 
Memory System Accessories 6-23 8316A 16,384-Bit MOS ROM 
Custom Memory Systems 6-26 8708 8192-Bit EROM 
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GENERAL PURPOSE AND DEDICATED FUNCTION PERIPHERALS 


8205 1 Out of 8 Decoder 

8212 8-Bit Input/Output Port 

M8212 8-Bit Input/Output Port (MIL) 

8214 Priority Interrupt Control 

M8214 Priority Interrupt Control (MIL) 

8216/8226  4-Bit Parallel Bi-directional Bus Driver 

M8216 4-Bit Parallel Bi-directional 
Bus Driver (MIL) 

8251 Communication Interface 

M8251 Communication Interface (MIL) 

8253 Interval Timer 

8255A Peripheral Interface 

M8255A Peripheral Interface (MIL) 

8257 DMA Controller 

8259 Interrupt Controller 

8271 Floppy Disk Controller 

8273 SDLC Protocol Controller 

8275 CRT Controller 

8279 Keyboard/Display Interface 

KITS 

SDK-80 8080 Design Kit 


10-108 
10-114 
10-123 
10-128 
10-132 
10-135 


10-140 
10-143 
10-156 
10-159 
10-170 
10-192 
10-195 
10-212 
10-228 
10-232 
10-236 
10-240 


10-251 


SERIES 3000 BIPOLAR MICROCOMPUTER SYSTEM 


3001 Microprogram Control Unit 
M3001 Microprogram Control Unit (MIL) 
3002 Central Processing Element 
M3002 Central Processing Element (MIL) 
3003 Look-Ahead Carry Generator 
M3003 Look-Ahead Carry Generator (MIL) 
3212 Multi-Mode Latch Buffer 

M3212 Multi-Mode Latch Buffer (MIL) 
3214 Interrupt Control Unit 

M3214 Interrupt Control Unit (MIL) 
3216/3226 Parallel Bi-directional Bus Driver 


11-3 
11-10 
11-13 
11-19 
11-21 
11-24 
11-26 
11-31 
11-34 
11-40 
11-44 


M3216/M3226 Parallel Bi-directional Bus Driver (MIL) 11-47 


MICROCOMPUTER SYSTEMS 
SINGLE BOARD COMPUTERS 


SBC 80/10 Single Board Computer 
SBC 80/20 Single Board Computer 


PACKAGED COMPUTERS 


System 80/10 
System 80/20 


MEMORY AND I/0 EXPANSION BOARDS 


SBC 016 16K Byte RAM Memory Board 

SBC 104/ Combination Memory and 1/0 
108/116 Expansion Board 

SBC 416 16K PROM Expansion Board 

SBC 508 i/O Expansion Board 

SBC 517 Combination 1/0 Expansion Board 

SBC 519 Programmable |/0 Expansion Board 


PERIPHERALS AND CONTROLLERS 


SBC 201 Diskette Controller 
SBC 211/212 Diskette Hardware System 
SBC 501 Direct Memory Access Controller 
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PROTOTYPING PACKAGES AND ACCESSORIES 


SBC 80P Prototype Package 

SBC 80P20 Prototype Package 

SBC 530 Teletypewriter Adapter 

SBC 604/614 Modular Backplane and Cardcage 
SBC 630 Power Supply 

SBC 635 Power Supply 


12-51 
12-54 
12-57 
12-59 
12-61 
12-63 


INTELLEC MICROCOMPUTER DEVELOPMENT SYSTEMS 


DEVELOPMENT SYSTEMS 
Intellec* Microcomputer Development System 
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Intellec » 4/MOD40 Microcomputer Development System 13-8 


IN-CIRCUIT EMULATORS 


ICE-30™ 3001 In-Circuit Emulator 
ICE-48™ 8048 In-Circuit Emulator 
ICE-80™ 8080 In-Circuit Emulator 
ICE-85™ 8085 In-Circuit Emulator 


DEVELOPMENT SYSTEMS PERIPHERALS 


Intellec® Diskette Operating System 
PL/M-80 High-Level Programming Language — 
Intellec Resident Compiler 


MCS-48™ Diskette-Based Software Support Package 


MCS-48™ Paper Tape-Based Assembler 

Intellec System CRT Keyboard Display 

Intellec Printer 

Intellec High-Speed Paper Tape Reader 
UPP-101, UPP-102 Universal PROM Programmer 
SIM-101, SIM-102, SIM-104 ROM Simulator 


DESIGN AIDS 


Intellec PROMPT 48™ Microcomputer Design Aid 
Intellec PROMPT 80™ Microcomputer Design Aid 


SOFTWARE AND TRAINING 


INSITE™ USER'S LIBRARY 


User's Program Library 

Insite™ 8-Bit User's Library 

Insite™ 4-Bit User's Library 

Intel User's Library Submittal Form 


CROSS PRODUCT SOFTWARE 


CROMIS Microprogramming 
MCS-40™ Cross Assembler 
4004/4040 Simulator 
MCS-8™ Cross Assembler 
8080 Simulator 

MCS-80™ Cross Assembler 
8080 Simulator 

PL/M Cross Compilers 


TRAINING/WORKSHOPS 


Microcomputer Training 

MCS-80™ System Workshop 

PL/M-80 Language Workshop 

MCS-48™ System Workshop 

Programmable Peripheral Circuits Workshop 
Series 3000 Workshop 


13-12 
13-17 
13-19 
13-25 


13-27 


13-33 
13-35 
13-37 
13-39 
13-41 
13-43 
13-45 
13-47 


13-51 
13-56 


14-3 
14-5 
14-7 
14-8 


14-9 
14-11 
14-12 
14-13 
14-14 
14-15 
14-16 
14-17 


14-19 
14-20 
14-21 
14-22 
14-22 
14-23 


FUNCTIONAL INDEX 


GENERAL INFORMATION 

Available Literature 15-16 
Component Sales Offices Inside Back Cover 
Development Systems 13-2 
European Marketing Offices 15-18 
IC 38510 Military Products 15-11 
Intellec Systems 13-2 
International Distributors 15-18 
Microcomputer Modules 12-2 
Ordering Information 15-3 
Orient Marketing Offices 15-18 
Packaging Information 15-4 
PROM Programming Instructions 3-55 
Single Board Computer 12-2 
Standard Product Flow 15-14 
System Sales Offices 15-18 
Training Programs 14-2 
User's Program Library 14-2 
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NUMERICAL INDEX 


[nee 


1101A 
1101A1 
1103 
1103-1 
1103A 
1103A-1 
1103A-2 
1402A 


1403A 


1404A 
1405A 


1702A 
1702A-2 
1702A-6 
M1702A 
1702AL 
1702AL-2 
2101A 
2101A-2 
2101A-4 
2102A 
2102A-2 
2102A-4 
2102A-6 
2101AL 
2102AL-2 
2102AL-4 
M2102A-4 
2104A-1 
2104A-2 
2104-3 
2104A-4 
2107A 
2107A-1 
2107A-4 
2107A-5 
2107B 
210/B-4 
2107B-5 
2108-2 
2108-4 
2111A 
2111A-2 
2111A-4 
2112A 
2112A-2 
2112A-4 
2114 
2114-2 
2114-3 
2114L 
2114L-3 
2115A 
2115A-2 
2115AL 
2115AL-2 
M2115A 
M2115AL 
2115 
2115-2 
2115L 


296 x 1 Static MOS RAM 
296 x 1 Static MOS RAM 
1024 x 1 Dynamic MOS RAM 
1024 x 1 Dynamic MOS RAM 
1024 x 1 Dynamic MOS RAM 
1024 x 1 Dynamic MOS RAM 
1024 x 1 Dynamic MOS RAM 
Quad 256-Bit Dynamic 

Shift Reg. 
Dual 512-Bit Dynamic 

Shift Reg. 
1024-Bit Dynamic Shift Reg. 
Dynamic Recirculating 

Shift Reg. 
296 x 8 EPROM 
296 x 8 EPROM 
296 x 8 EPROM 
206 x 8 EPROM (MIL) 
296 x 8 EPROM 
256 x 8 EPROM 
206 x 4 Static MOS RAM 
296 x 4 Static MOS RAM 
206 x 4 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 


1024 x 1 Static MOS RAM (MIL) 


4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
4096 x 1 Dynamic MOS RAM 
8192 x 1 Dynamic MOS RAM 
8192 x 1 Dynamic MOS RAM 
206 x 4 Static MOS RAM 
256 x 4 Static MOS RAM 
206 x 4 Static MOS RAM 
296 x 4 Static MOS RAM 
296 x 4 Static MOS RAM 
206 x 4 Static MOS RAM 
1024 x 4 Static MOS RAM 
1024 x 4 Static MOS RAM 
1024 x 4 Static MOS RAM 
1024 x 4 Static MOS RAM 
1024 x 4 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 


1024 x 1 Static MOS RAM (MIL) 
1024 x 1 Static MOS RAM (MIL) 


1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 


2-4 
2-4 
2-8 
2-13 
2-16 
2-21 
2-26 


4-7 

3-5 

3-5 

3-5 

3-9 
3-11 
3-11 
2-30 
2-30 
2-30 
2-34 
2-34 
2-34 
2-34 
2-34 
2-34 
2-34 
2-38 
2-40 
2-40 
2-40 
2-40 


2116-2 
2116-3 
2116-4 
2125A 
2125A-2 
2125AL 
2125AL-2 
M2125A 
M2125AL 
2125 
2125-2 
2125L 
2147 
2308 
2316A 
2316E 
2401 


2405 


2416 
2704 
2708 
2/08-1 
M2708 
2716 
3001 
M3001 


3002 
M3002 


3003 
M3003 


3101 
3101A 
3104 
3205 
3207A 
3207A-1 
3208A 
3212 
M3212 
3214 
M3214 
3216 


M3216 
3222 
3226 
M3226 
3232 
3242 
3245 
3404 


3408A 
3601 


16384 x 1 Dynamic MOS RAM 
16384 x 1 Dynamic MOS RAM 
16384 x 1 Dynamic MOS RAM 


1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 


1024 x 1 Static MOS RAM (MIL) 
1024 x 1 Static MOS RAM (MIL) 


1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
1024 x 1 Static MOS RAM 
4096 x 1 Static MOS RAM 
1024 x 8 ROM 
2048 x 8 ROM 
2048 x 8 ROM 
Dual 1024-Bit Dynamic 
Recirculating Shift Reg. 
1024-Bit Dynamic 
Recirculating Shift Reg. 
CCD Serial Memory 
512 x 8 EPROM 
1024 x 8 EPROM 
1024 x 8 EPROM 
1024 x 8 EPROM 
2048 x 8 EPROM 
Microprogram Control Unit 
Microprogram Control 
Unit (MIL) 
Central Processing Element 
Central Processing 
Element (MIL) 
Look-Ahead Carry Generator 
Look-Ahead Carry 
Generator (MIL) 
16 x 4 Bipolar RAM 
16 x 4 Bipolar RAM 
4x 4 Bipolar RAM 
1 of 8 Binary Decoder 
Quad Bipolar to MOS Driver 
Quad Bipolar to MOS Driver 
Hex Sense Amp 
Multi-Mode Latch Buffer 


Multi-Mode Latch Buffer (MIL) 


Interrupt Control Unit 

Interrupt Control Unit (MIL) 

Parallel Bi-directional 
Bus Driver 

Parallel Bi-directional Bus 
Driver (MIL) 

4K Dynamic RAM Refresh 
Cont. 

Parallel Bi-directional 
Bus Driver 

Parallel Bi-directional 
Bus Driver (MIL) 


4K Dynamic RAM Multiplexer 


and Refresh Counter 


16K Dynamic RAM Multiplexer 


and Refresh Counter 
Quad TTL to MOS Driver 
High Speed 6-Bit Latch 
Hex Sense Amp and Latch 
296 x 4 PROM 


4-11 
4-15 
3-24 
3-24 
3-24 
3-27 
3-30 
11-3 


11-10 
11-13 


11-19 
11-21 


11-24 
2-105 
2-105 
2-109 
5-3 
5-7 
5-11 
5-13 
11-26 
11-31 
11-34 
11-40 


11-44 
11-47 
5-19 
11-44 
11-47 
5-25 
5-29 
5-33 
5-3 


9-13 
3-35 
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a 


3601-1 
3621 
3621-1 
M3601 
3602A 
3602A-2 
3602 
3622A 
3622A-2 
3622 
3604A 
3604A-2 
3604AL 
3604 
3604-4 
3604L-6 
M3604 
3624A 
3624A-2 
3624 
3624-4 
M3624 
3605 
3605-2 
3625 
3625-2 
3608 
3608-4 
3628 
3628-4 
4001 
4002 
4003 
4004 
4008/4009 


4040 
4201A 
4265 


4269 


4308 
4316A 
4702A 
4801 
9101-8 
5101L 
5101L-1 
9101L-3 
M5101-4 
M5101L-4 
9235 
9235-1 


9244 


8008/8008- 1 


8035 
8048 
8080A 
8080A-1 
8080A-2 
M8080A 
8085 


256 x 4 PROM 
256 x 4 PROM 
256 x 4 PROM 
256 x 4 PROM (MIL) 


, 512 x 4 PROM 


512 x 4 PROM 

512 x 4 PROM 

512 x 4 PROM 

512 x 4 PROM 

512 x 4 PROM 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM (MIL) 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM 

512 x 8 PROM (MIL) 

1024 x 4 PROM 

1024 x 4 PROM 

1024 x 4 PROM 

1024 x 4 PROM 

1024 x 8 PROM 

1024 x 8 PROM 

1024 x 8 PROM 

1024 x 8 PROM 

256 x 8 ROM/4 1/0 Lines 

320-Bit RAM/4 Output Lines 

10-Bit Shift Register 

4-Bit Microprocessor 

Standard Memory Interface 
Component Pair 

4-Bit Microprocessor 

Clock Generator 

Programmable General 
Purpose 1/0 

Programmable Keyboard 
Display 

1024 x 8 ROM/16 !/0 Lines 

2048 x 8 ROM 

256 x 8 Erasable PROM 

Clock Generator Crystal 

256 x 4 CMOS RAM 

256 x 4 CMOS RAM 

256 x 4 CMOS RAM 

256 x 4 CMOS RAM 

256 x 4 CMOS RAM (MIL) 

256 x 4 CMOS RAM (MIL) 

Quad TTL to MOS Driver 

High Speed Quad TTL to 
MOS Driver 

Quad CCD Driver 

8-Bit Microprocessor 

8-Bit Microcomputer 

8-Bit Microcomputer 

8-Bit Microprocessor 

8-Bit Microprocessor 

8-Bit Microprocessor 

8-Bit Microprocessor (MIL) 

8-Bit Microprocessor 


3-34 
3-34 
3-34 
3-38 
3-40 
3-40 
3-40 
3-40 
3-40 
3-40 
3-43 
3-43 
3-43 
3-43 
3-43 
3-43 
3-46 
3-43 
3-43 
3-43 
3-43 
3-46 
3-48 
3-48 
3-48 
3-48 
3-51 
3-51 
3-51 
3-51 
8-90 
8-84 
8-24 
8-15 


8-67 
8-4 
8-61 


8-28 


8-46 

8-99 
8-109 
8-113 
8-120 
2-113 
2-113 
2-113 
2-113 
2-117 
2-117 

5-37 


9-3/7 
9-41 
10-5 
9-4 
9-4 
10-11 
10-20 
10-24 
10-28 
10-52 


8101A-4 
8102-4 
8111A-4 
8155 


8205 
8212 
M8212 


8214 
M8214 
8216 


M8216 
8226 


8224 
M8224 


8228/8238 
M8228 / M8238 


8243 
8251 
M8251 
8253 
8255A 
M8255A 
8257 
8259 
8271 
8273 
8275 
8279 
8308 
8316A 
8395 
8708 
8748 
8755 
8801 


1024-Bit RAM with 1/0 
1024-Bit MOS RAM 
1024-Bit RAM with 1/0 
2048-Bit RAM with 1/0 
Ports and Timer 
1 Out of 8 Decoder 
8-Bit Input/Output Port 
8-Bit Input/Output 
Port (MIL) 
Priority Interrupt Control 


10-88 
10-91 
10-95 


10-63 
10-108 
10-114 


10-123 
10-128 


Priority Interrupt Control(MIL) 10-132 


4-Bit Parallel Bi-directional 
Bus Driver 

4-Bit Parallel Bi-directional 
Bus Driver (MIL) 

4-Bit Parallel Bi-directional 
Bus Driver 

Clock Generator and Driver 

Clock Generator and 
Driver (MIL) 

System Controller and 
Bus Driver 

System Controller and Bus 
Driver (MIL) 


10-135 
10-140 


10-135 
10-33 


10-37 
10-43 
10-47 


Input/Output Expander,MCS-48 9-9 


Communication Interface 


10-143 


Communication Interface(MIL) 10-156 


Interval Timer 

Peripheral Interface 
Peripheral Interface (MIL) 
DMA Controller 

Interrupt Controller 
Floppy Disk Controller 
SDLC Protocol Controller 
CRT Controller 
Keyboard/Display Interface 
8192-Bit MOS ROM 
16,384-Bit MOS RAM 
16,384-Bit ROM with 1/0 
8192-Bit EROM 

8-Bit Microcomputer 
16,384-Bit EPROM with I/0 
Clock Generator Crystal 


Available Literature 


Component Sales Offices 


CROMIS Microprogramming 
Custom Memory Systems 
Development Systems 

European Marketing Offices 
Expansion of the MCS-48™ System 
IC 38510 Military Products 
ICE-30™ 3001 In-Circuit Emulator 
ICE-48™ 8048 In-Circuit Emulator 
ICE-80™ 8080 In-Circuit Emulator 
ICE-85™ 8085 In-Circuit Emulator 


in-26A 
in-40 
in-65 
in-400 
in-477 
in-481 


in-1600 
in-1611 


Static RAM 

Dynamic RAM 

CCD Serial Store 
Honeywell/GE 400 Add-On 
CRT Refresh Store 


Intellec® Development System 


Add-in 
Dynamic RAM 


DEC LSI-Il/PDP-11/03 Add-In 


10-159 
10-170 
10-192 
10-195 
10-212 
10-228 
10-232 
10-236 
10-240 
10-98 
10-102 
10-79 
10-105 
9-4 
10-82 
10-41 
15-16 


Inside Back Cover 


14-9 
6-26 
13-2 
15-18 
9-14 
15-11 
13-12 
13-17 
13-19 
13-25 
6-3 
6-5 
6-7 
7-3 
6-9 


1-5 
6-11 
7-7 


NUMERICAL INDEX 


in-1670 DEC PDP-11/70 Add-On 7-9 Programmable Peripheral Circuits Workshop 14-22 
in-3000 Dynamic RAM 6-13 PROM Programming Instructions 3-55 
in-4011 DEC PDP-11 Add-On 7-11 ROM and PROM Programing Instructions 3-55 
in-4580 BORAM 6-15 SBC 016 16K Byte RAM Memory Board 12-24 
in-4711 DEC PDP-11 Add-On i19 SBC 80/10 Single Board Computer 12-3 
in-8100 CMOS RAM 6-17 SBC 80/20 Single Board Computer 12-7 
Insite’ 8-Bit User’s Library 14-5 SBC 80P Prototype Package 12-51 
Insite™ 4-Bit User's Library 14-7 SBC 80P20 Prototype Package 12-54 
Intel User's Library Submittal Form 14-8 SBC 104/108/116 Combination Memory and |/0 
Intellec Systems 13-2 Expansion Board 12-26 
Intellec® Diskette Operating System 13-27 SBC 201 Diskette Controller 12-42 
Intellec High-Speed Paper Tape Reader 13-43 SBC 211/212 Diskette Hardware System 12-45 
Intellec Printer 13-41 SBC 416 16K PROM Expansion Board _— 12-30 
Intellec PROMPT 48™ Microcomputer Design Aid 13-51 SBC 501 Direct Memory Access 
Intellec PROMPT 80 Microcomputer Design Aid 13-56 Controller 12-48 
Intellec* Microcomputer Development System 13-3 SBC 508 1/0 Expansion Board 12-32 
Intellec* 4/MOD40 Microcomputer SBC 517 Combination |/0 Expansion 
Development System 13-8 Board 12-34 
Intellec System CRT Keyboard Display 13-39 SBC 519 Programmable |/0 Expansion 
International Distributors 15-18 Board 12-38 
MCS-8™ Cross Assembler 14-13 SBC 530 Teletypewriter Adapter 12-57 
MCS-40™ Cross Assembler 14-11 SBC 604/614 Modular Backplane and 
MCS-48™ Diskette-Based Software Cardcage 12-59 
Support Package 13-35 SBC 630 Power Supply 12-61 
MCS-48™ Paper Tape-Based Assembler 13-37 SBC 635 Power Supply 12-63 
MCS-48™ System Workshop 14-22 SDK-80 8080 Design Kit 10-251 
MCS-80™ Cross Assembler 14-15 Series 3000 Workshop 14-23 
MCS-80'" System Workshop 14-20 Simulator for 4004 14-2 
Memory System Applications 6-19 Simulator for 4040 14-12 
Memory System Accessories 6-23 Simulator for 8080 14-14 
Microcomputer Modules 12-2 Single Board Computer 12-2 
Microcomputer Training 14-19 Standard Product Flow 15-14 
Ordering Information 15-3 System 80/10 12-13 
Orient Marketing Offices 15-18 system 80/20 12-18 
Packaging Information 15-4 system Sales Offices 15-18 
PL/M Cross Compilers 14-17 Training Programs 14-2 
PL/M High-Level Programming Language — UPP-101, UPP-102 Universal PROM Programmer — 13-45 
Intellec Resident Compiler 13-33 User's Program Library 14-2 
PL/M-80 Language Workshop 14-21 User's Program Library 14-3 


RECOMMENDED PRODUCTS 
FOR 
MCS-48/80/85 MICROCOMPUTER APPLICATIONS 


Tacc 
Page In 
No. Description ns 8048 


Memory and 1/O | 8155 RAM-1/O Xx 
Expanders for ROM-1/O 
MCS-48/85 EPROM-1/O 


256 x 4 
1K x 1 
256 x 4 

256 x 4 CMOS 
1Kx 4 


8748 8085 | 8080A | 8008 


RAMs (Static) 


8101A-4 
8102A-4 
8111A-4 
5101 
2114 


2104A-4 
2107B-4 
2116-4 


xx KK XK 


RAMs (Dynamic) 


RAM Support 
Circuits 3232 5-24 


Peripherals 


Refresh Controller 
Refresh Counter/ 
Multiplexer 
Refresh Counter/ 
Multiplexer 


3242 5-28 


x KK KKK KK eof 


x XK xX 


1702A-2 
8708 
2708 
2716 


ae 
x x KX XK XK 


<x KKM KL KK KK XK 


1-8 Decoder 
8-Bit Latch 
Priority Unit 
4-Bit Bus Driver 
Clock Generator 
4-Bit Bus Driver 
System Controller 
System Controller 


USART 
Interval Timer 
PPI 

DMA 
Interrupt 


x x KK XK i 


Floppy Disk 
SDLC 

CRT 
KYBD/Display 


x KK KL KKK KX 


x< x xX xX 
x x xX XK 


xx KX 
x xX KX 
x XK KX 


SILICON GATE MOS 


RANDOM ACCESS MEMORIES 


Electrical Characteristics Over Temperature 
Power 
: No. | Access | Cycle Dissipation 
of Organi- | of Time Max.[1] Page 
Type Bits Description zation | Pins Max. | Operating/Standby | Supplies[V] | No. 


1101A Static Fully Decoded 256x1 1500ns |1500ns |685mW/340mW 
1101A1 9-4 


Hi-Speed Static Fully 1000ns an lea 


z 
re) 


Decoded 


1024 | Dynamic Fully Decoded |1024x1 | 18 


22 | 250ns | 250ns |350mW +§ 2-30 


256x4 
256x4 


1024 
1024 


Static, Separate |/O 


2101A-2 


Static, Separate |/O 


2104A-1 4096x1 | 16 | 150ns 


2104A-2 


4096 
4096 
4096 


16 Pin Dynamic 


ioeae4 | 
| 256x4 | 22 | a50ns 
asexa | 22 | 250ns_ 
eee 1024 | Static, Ta =-55°C to ‘ike (a +5 2-38 
+125°C 
[16 | 150ns | 
| 16 | 200n8 | 


320ns | 420mMW/18mMW +12, +5, -5 


Hb 


4096x 
4096x 


16 Pin Dynamic 16 | 200ns | 320ns |384mW/18mMW 


375ns | 360mMW/18mW 


425ns | 360mMW/18mW +12, +5, -5 


— 


2104A-3 16 Pin Dynamic 16 | 250ns 


+ 
— 
NT! 
+ 
Loa) 
nn 
~ 
Be 
oO 


4096x1 
4096x 


ow 


2104A-4 0Ons 


2107A 


4096 
4096 | 22 Pin Dynamic 


16 Pin Dynamic 


22 | 300ns |} 700ns | 458mW/2mW +12, +5, -5 


—_ 


4096x 22 


>] 


4096 80ns +12, +5, -5 


2107A-1 22 Pin Dynamic 


~ 
> 
o 


550ns |516mMW/2mW 
840ns | 450mW/2mW +12, +5, -5 
970ns |376mMW/2mW +12, +5, -5 


4096x 
4096x 
4096x 1 
4096x 


22 
22 
22 
22 


350ns 
420ns 


2107A-4 

2107A-5 
21078 

2107B-4 


4096 
4096 | 22 Pin Dynamic 


22 Pin Dynamic 


_ 
fo 


4096 
4096 | 22 Pin Dynamic 


22 Pin Dynamic 


7Ons | 470ns #12, 45; =9 2-54 
oons | 590ns +12, +5, -5 
350ns +12, +5, -5 
425ns 2 45,8 (° 


350ns |300mW 


1 + 
8 | 250ns | 250ns |350mWw as 
18 50ns | 450ns | 300mW 


350ns | 300mW 
250ns | 350mW — 


6 | 450ns | 450ns | 300mW 


=" 
Nh 


4096x 


oa 


2107B-5 4096 | 22 Pin Dynamic 22 


2108-2 8192 | 16 Pin Dynamic 8192x1 | 16 0Ons 


2108-4 8192 | 16 Pin Dynamic 8192x1 16 0Ons 


2111A 256x4 


—_ 


nm 


1024 | Static, Common {/O with 8 | 350ns 


Output Deselect 


2111A-2 1024 | Static, Common I/O with 256x4 


Output Deselect 


2111A-4 1024 | Static, Common 1/O with 256x4 


Output Deselect 


2112A 256x 


> 


1024 | Static, Common I/O 350ns 


without Output Deselect 


2112A-2 1024 | Static, Common I/O 256x 16 | 250ns 


without Output Deselect 


Static, Common I/O 
without Output Deselect 


2112A-4 


1024 256x 


F 
Le 


i 
NS) 


RANDOM ACCESS MEMORIES (Continued) 


Electrical Characteristics Over Temperature 
Power 
Access Dissipation 
Organi- Time Max.[1] 
Type ee Description zation Max. Operating/ Standby 


ne ts eon wee] Ls [rr [a] 
stan [ese Opn Gets veer [16 | ate [se [ot [os 
ae Pa aoe _[ rw] [we [oer 
[oer [Sate Oper Cac | | 78 | re [ oe [sim |e 
Cee |e TS [seen 16 | te [are [sim [os 
| 16384] 16 Pin Dynamic | 16384x1] 16 | 300ns | 425ns|780mW/24mW +12, +5, -5 | 


2147 4096 | High Speed Static 4096x 1 60- 60- | 500mW/50mW 2-103 
ae 90ns (Typical) 
3101 | 64 | Fully Decoded = Fully Decoded | 164 | | ons |s2smw 
3101A High Speed Fully hee tf to (iene seeds 104 
Decoded 
2-108 
Memory 


5101-8 | 1024 | Static | Static CMOS RAM RAM 256x4 on oe 150mW/2.5mW 


5101L — Static oe RAM 256x4 | 22 | 650ns | 650ns | 135mW/20uW — 
2-112 
1024 a CMOS RAM 256x4 Se 135mW/20pW cae 
10 


24 | Static CMOS RAM | CMOS RAM | 256x4 | 650ns | 650ns |} 135mW/1mW 


1024 | Static CMOS RAM 256x4 800ns | 800ns | 168MW/1imW 
(-55°C to 125°C) 
1024 | Static CMOS RAM 256x4 800ns | 800ns | 168MW/400"UW 
(-55°C to 125°C) 


SILICON GATE MOS 


SCHOTTKY 
BIPOLAR 


5101L-1 
5101L-3 
M5101-4 


SILICON 
GATE CMOS 


M5101L-4 
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In 1101A, 1101A1 


256 x 1 BIT STATIC RAM 


= Access Time -- Typically Below = Simple Memory Expansion -- 
650 nsec - 1101A1,850 nsec -1101A Chip Select Input Lead 
= Low Power Standby Mode = Fully Decoded --On Chip Address 
= Low Power Dissipation -- Typically Decode and Sense 
less than 1.5 mW/bit during access « Inputs Protected -- All Inputs Have 
= Directly DTL and TTL Compatible Protection Against Static Charge 
= Three-state Output-- 7 Ceramic and Plastic Package a 
OR-tie Capability 16 Pin Dual In-Line Configuration 


The 1101A is an improved version of the 1101 which requires only two power supplies (+5V and —9V) for 
operation. The 1101A is a direct pin for pin replacement for the 1101. 


The Intel°1101A is a 256 word by 1 bit random access memory element using normally off P-channel MOS 
devices integrated on a monolithic array. It uses fully de stable (static) circuitry and therefore requires no 
clocks to operate. 


The 1101A is designed primarily for small buffer storage applications where high performance, low cost, and 
ease of interfacing with other standard logic circuits are important design objectives. The unit will directly 
interface with standard bipolar integrated logic circuits (TTL, DTL, etc.) The data output buffers are capable 
of driving TTL loads directly. A separate chip select (CS) lead allows easy selection of an individual package 
when outputs are OR-tied. 


For applications requiring a faster access time we recommend the 1101A1 which is a selection from the 1101A 
and has a guaranteed maximum access time of 1.0 psec. 


The Intel 1101A is fabricated with silicon gate technology. This low threshold technology allows the design 
and production of higher performance MOS circuits and provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of 
low cost silicone packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


256 BIT 
RAM 


DECODE 


X LINE DRIVERS 


7) 
” 
Ls 
og 
5 
¢ PLANE 
x 


DATA OUT 


x INPUT BUFFERS 


DATA IN 


DATA BENSE ij, Y ADDRESS 


13 
OuT circuit J / DECODE 
A ra 
1 > w 
Qw a 
A, 55] fa 5] j5u Y INPUT BUFFERS 
[Oce) _w eal 
Sens, De Ow 
1g DATA Oal les 
OUT ae o A, |Ag [Ag |A7 
cS 6 1 3 2 
PIN NAMES 16 
Ag- A, ADDRESS INPUTS Dour DATA OUTPUT DATA IN Vp:4 
RW _REAOMRITE INPUT [fs 
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1101A, 1101A1 


Absolute Maximum Ratings"’’ 


Temperature Under Bias 0°C to 70°C 
Storage Temperature —65°C to +160°C 
All Input or Output Voltages with Respect to the Most 

Positive Supply Voltage, Voc +0.5V to —20V 
Supply Voltages Vop and Vpwith Respect to Voc —20V 
Power Dissipation 1WATT 


D.C. and Operating Characteristics 
Ty, = O°C to 70°C, Veg = 5V + 5%, Vop = —9V + 5%, Vp = —9V + 5%, unless otherwise specified 


INPUT LOAD CURRENT <1.0 Vin = 0.0 V 
(ALL INPUT PINS) 


OUTPUT LEAKAGE CURRENT <1.0 Vout = 0.0 V, CS = Vec -2 
POWER SUPPLY CURRENT, Vpp 13 Tp = 25°C 

POWER SUPPLY CURRENT, V5, T ,= 0°C Continuous 
POWER SUPPLY CURRENT, V, 12 Ta = 25°C, oe = 
POWER SUPPLY CURRENT, V5 Ta = 0°C, ean 
INPUT “LOW” VOLTAGE 


INPUT “HIGH” VOLTAGE 
OUTPUT SINK CURRENT Vout = +0.45 V, Ta = +25°C 


OUTPUT SINK CURRENT 
OUTPUT CLAMP CURRENT 
OUTPUT SOURCE CURRENT 
OUTPUT SOURCE CURRENT 
OUTPUT “LOW” VOLTAGE 
OUTPUT “HIGH” VOLTAGE 


INPUT CAPACITANCE 
(ALL INPUT PINS ) 


OUTPUT CAPACITANCE 


Vp POWER SUPPLY 
CAPACITANCE 


Vout = +0.45 V, Ta = +70°C 
Vout = —1.0 V 
Vout = 0.0 V, T, = +25°C 
Vout = 0.0 V, Ta = +70°C 

= 2.0mA 

= —100pA 


- f= 1 MHz 
“Vee [ T, = 25°C 


b= Vee 


Note 1: Stresses above those listed under ‘‘Absolute Maximum Rating’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 

Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Note 2: Typical values are at nominal voltages and T , = 25°C. 
Note 3: A TTL driving the 1101A, 1101A1 must have its output high > Vcc—2 even if it is loaded by other bipolar gates. 
Note 4: This parameter is periodically sampled and is not 100% tested. 
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1101A, 1101A1 


A.C. Characteristics 1, = 0°C to 70°C, v,.= 5V + 5%, V,= —9V + 5%, Va.= —9V + 5% 
A cc D DD 


READ CYCLE 


SYMBOL TEST MIN. TYP. MAX. UNIT 
0. 


1101A psec 
t Read Cycle 
‘ Address to Chip 1101A 1.2") usec 
AC Select Delay 1101A1 711) psec 
ta Accuses Fime 1101A 0.85 1.5 usec 
1101A1 0.65 1.0 usec 
WRITE CYCLE 


Address to Write Pulse Delay 


[oe SCS~S 
; 
Pee Pate With fee 
3 

3 i eae! 


Data Hold Time 


CHIP SELECT AND DESELECT 


is Access Time Through 0.2 0.3 usec 
Chip Select Input 
ten Chip Deselect Time 0.1 0.3 


CONDITIONS OF TEST: 
Input pulse amplitudes: 0 to 5V, Input pulse rise and fall time: 10 nsec. Speed measurements referenced to 1.5V levels (unless 
otherwise noted). Output load is 1 TTL gate and C, = 20 pF; measurements made at output of TTL gate (tp, < 10 nsec) 


t 


psec 


DH 


READ CYCLE CHIP SELECT AND DESELECT 
_ “naa 
ADDRESSES ADDRESSES 
@) : caaeenneneeneeianimeenanineameninameamenemmrmmmnsen 
, —_— tctw — 
cs cs 
0 
(Cs —tcp 
R/W OUTPUTS 
8) 
OUTPUTS 
WRITE CYCLE 
1 
ADDRESSES ADDRESSES 
cs Vp AND CS LEAD 
R/W OUTPUTS 
DATA IN 


Vop = ~9V + 5% 


Note 1: Maximum value for tac measured at minimum read cycle. 
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OUTPUT SINK CURRENT Ip, (mA) 


ACCESS TIME (psec) 


Typical D. C. Characteristics 


OUTPUT SINK CURRENT VS TEMPERATURE 


12 


10 


POWER (mw) 


AMBIENT TEMPERATURE (°C) 


OUTPUT CURRENT VS OUTPUT VOLTAGE 


Ta = 70°C 


BIPOLAR LOGIC 
‘0’ LEVEL 
(WORST CASE) 


~7 -6-5 -4-3-2 -1 
~2 


8 


Ta = 70°C 10 
Ty = 25°C — 


~14 
-16 


ACCESS TIME VS. 
TEMPERATURE 


1 TTL LOAD 
C, = 20 pF 


Veco — Vp (VOLTS) 


AMBIENT TEMPERATURE (°C) 


1101A, 1101A1 


POWER DISSIPATION VS VOLTAGE POWER DISSIPATION VS TEMPERATURE 


500 


400 
300 POWER DISSIPATED [Ipp x (!Vpp! + Vcc!) 
= BY MEMORY CELLS 
£ 
ce 200 
POWER DISSIPATED [Ip x (IVpl + Vccll] & 
a 
BY PERIPHERAL CIRCUITRY 
150 
POWER DISSIPATED [Ip x (IVpi + Vcc)! 
100 Tey PERIPHERAL CIRCUITRY 
0 
—8.0 -9.0 —10.0 0 20 40 60 80 100 


VOLTAGE (Vp, Vpp) AMBIENT TEMPERATURE (°C) 


Typical A. C. Characteristics 


ACCESS TIME VS. 
LOAD CAPACITANCE 


ACCESS TIME (psec) 


0 100 200 300 400 
LOAD CAPACITANCE (pF) 


1101A/1101A1 
OPERATING REGION 


ACCESS TIME VS. 
SUPPLY VOLTAGE 


1 TTL LOAD 


TYPICAL 
OPERATING 


OPERATING —} 
REGION 


ACCESS TIME (uSEC) 


Vee — Vpp (VOLTS) 


Vp (VOLTS) 


intel 1103 


1024 X 1 BIT DYNAMIC RAM 


= Low Power Dissipation — Dissipates =» Simple Memory Expansion — 
Power Primarily on Selected Chips Chip Enable Input Lead 

= Access Time — 300 nsec = Fully Decoded—on Chip Address 

= Cycle Time — 580 nsec Decode 

= Refresh Period... 2 milliseconds = Inputs Protected — All Inputs Have 
for O—70°C Ambient Protection Against Static Charge 

= OR-Tie Capability " Ceramic and Plastic Package -- 


18 Pin Dual In-Line Configuration. 


The Intel 1103 is designed primarily for main memory applications where high performance, 
low cost, and large bit storage are important design objectives. 

It is a 1024 word by 1 bit random access memory element using normally off P-channel 
MOS devices integrated on a monolithic array. It is fully decoded, permitting the use of an 
18 pin dual in-line package. It uses dynamic circuitry and primarily dissipates power only 
during precharge. 

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is 
accomplished in 32 read cycles and is required every two milliseconds. 

A separate cenable (chip enable) lead allows zasy selection of an individual package when 
outputs are OR-tied. 

The Intel 1103 is fabricated with silicon gate technology. This low threshold technology al- 
lows the design and production of higher performance MOS circuits and provides a higher 
functional density on a monolithic chip than conventional MOS technologies. 

Intel’s silicon gate technology also provides excellent protection against contamination. 
This permits the use of low cost plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY MATRIX 


READ/ 


A; 1 ~ 1819 Reapwrite A Hatin 32 COLUMNS 
A AMPLIFIERS 
4 AS 171 Veg aS (1024 BITS) 
4 
Ay L}3 16] CENABLE 
A, 151 A, 
PRECHARGE 141) DATA Out abe 

REFRESH AMPLIFIERS: - 
Ag 13} } Ag READ/WRITE COLUMN 
As 121] DATA IN GATING ; 
As 111] Vpp Veg 0 DATA OUT 


Ay 101] Veep Vgg  O-———_—_—» 32 


Vpp 0——————> 
1 OF 32 
COLUMN SELECTOR 
LOGIC 0 = HIGH VOLTAGE 


PRECHARGE o———~—___» 
LOGIC 1 = LOW VOLTAGE As Ag Az Ag Ag 


PIN NAMES CENABLE o————____» 


READWRITE o———____» 
Din DATA INPUT PRC PRECHARGE INPUT 
Ag-Ag ADDRESS INPUTS CE CHIP ENABLE 
R/wW READ/WRITE Doyr DATA OUTPUT 
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1103 


Maximum Guaranteed Ratings* 


Temperature Under Bias 0°C to 70°C *COMMENT: 
Storage Temperature —65°C to +150°C 


All Input or Output Voltages with 
Respect to the Most Positive 


Stresses above those listed under ‘‘Maximum Guaranteed 
Rating’ may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device 


Supply Voltage, Veg —25V to 0.3V at these or at any other condition above those indicated in 
Supply Voltages Vop and Veg the operational sections of this specification is not implied. 

with Respect to Vag —25V to 0.3V Exposure to absolute maximum rating conditions for ex- 
Power Dissipation 1.0 W tended periods may affect device reliability. 


D.C. and Operating Characteristics 
T, =0°C to +70°C, Vé2)= 16V + 5%, (Vag —Veg)°'= 3V to 4V, Voy = OV unless otherwise specified 


SYMBOL 


TEST MIN. TYP. MAX. [UNIT CONDITIONS 
lo INPUT LOAD CURRENT (ALL INPUT PINS) 1 A Vin =0V 
eee vce: 
OUTPUT LEAKAGE CURRENT 1 pA | Voyr =0V 
lag Vag SUPPLY CURRENT 100 yA 
lbp1{2) | SUPPLY CURRENT DURING Tp 37 56 mA | ALL ADDRESSES = OV 
PRECHARGE = OV 
CENABLE = Vegi Ta = 259°C 
lppo (2)| SUPPLY CURRENT DURING Toy 38 59 mA | ALL ADDRESSES = OV 
PRECHARGE = OV 
| CENABLE = OV; Ta = 25°C 
lbp3'2)| SUPPLY CURRENT DURING Thoy 5.5 11 mA | PRECHARGE = Veg 
CENABLE = OV; T, = 25°C 
lpp4'2)| SUPPLY CURRENT DURING Tcp 3 4 mA | PRECHARGE = Veg 
CENABLE = Vgg: T, = 25°C 
Ingehy | AVERAGE SUPPLY CURRENT 17 25 mA | CYCLE TIME = 580 ns; PRECHARGE 


WIDTH = 190 ns; Ta = 25°C 


INPUT LOW VOLTAGE 
(ALL ADDRESS & DATA-IN LINES) 


Vito”? | INPUT LOW VOLTAGE 
(ALL ADDRESS & DATA-IN LINES) 
aa Al 
Vitg/2)) INPUT LOW VOLTAGE (PRECHARGE Vsg—-17 Vsg—14.7| V Ta = 0°C 
CENABLE & READ/WRITE INPUTS) 
Vita ®)| INPUT LOW VOLTAGE (PRECHARGE Vgg—17 Vgg—15.0) V Ta = 70°C 


CENABLE& READ/WRITE INPUTS) 


) | INPUT HIGH VOLTAGE Vsg—1 Vsgt1 V Ta = O°C 
(ALL INPUTS) 


: ene 
INPUT HIGH VOLTAGE Vgg—0.7 Vsg +1 | Vs | Ta = 70°C 
(ALL INPUTS) 


(7 


Vi 


(7 


— 


ViH2 


lows __ OUTPUT HIGH CURRENT 600 900 4000 uA Ta = 25°C 
lon2 | OUTPUT HIGH CURRENT 500 800 4000 uA Ta = 70°C 
ist | OUTPUT LOW CURRENT See Note 3 Bellis RLoap =1002 ve 
VoH1 | OUTPUT HIGH VOLTAGE 60 90 400 es Ta = 25°C, 
Vou | OUTPUT HIGH VOLTAGE 50 80 400 mv | Tag = 70°C, 


| 
OUTPUT LOW VOLTAGE See Note 3 


Note 1: The Vgg current drain is equal to (Ipp + Igy) oF (Ipp + Ho )- 

Note 2: See Supply Current vs. Temperature (p. 3) for guaranteed current at the temperature extremes. These values are taken from a single pulse 
measurement. 

Note 3: The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the 
clocks. Vo, equals Io ,_ across the load resistor. 

Note 4: This value of load resistance is used for measurement purposes. In applications the resistance may range from 100 Q to 1k. 

Note 5: This parameter is periodically sampled and is not 100% tested. 

Note 6: (Vgp — Vss) supply should be applied at or before Vgs. 

Note 7: The maximum values for Vi, and the minimum values for Vj}, are linearly related to temperature between O°C and 70°C. Thus any value 
in between O°C and 70°C can be calculated by using a straight-line relationship. 

Note 8: The maximum values for Vi_ (for precharge, cenable & read/write) may be increased to Vgg—14.2 @ O°C and Vsg—14.5 @ 70°C (same 
values as those specified for the address & data-in lines) with a 40 ns degradation (worst case) intac, tpc. tac. twc. tawe. tace1 and tacco- 
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1103 


Supply Current vs Temperature 


Ipp1 (mA) 


Top3 (MA) 


Ipp vs TIME 

T , =25°C 

Vg = 16.8V 
Veg—Vss = 3V 


Ipp2759 
Inp 1756 
x 
E 
zr 
2 Ipp3211 
pp4=4 


TIME 


14 15 16 17 18 19 20 


Note 1. “.Ipp is due to charging of internal device node 
capacitance at precharge 


Note 2. These values are taken from a single pulse measurement 


33% DUTY CYCLE 


ON PRECHARGE 
ja) 
(a) 
— OPERATING 
Oo 
> REGION 
< 
OPERATING 
REGION 
0 14 15 16 17.18 19 20 
Vgg (VOLTS) 
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1103 


AC Characteristics 1, = 0°C to 70°C, V., = 16 + 5%, (Vag —Vgg) = 3.0V to 4.0V, Von = OV 


READ, WRITE, AND READ/WRITE CYCLE 
2 


SYMBOL 


TIME BETWEEN REFRESH 

ADDRESS TO CENABLE SET UP TIME 
CENABLE TO ADDRESS HOLD TIME 
PRECHARGE TO CENABLE DELAY 
CENABLE TO PRECHARGE DELAY 
PRECHARGE & CENABLE OVERLAP, LOW 
PRECHARGE & CENABLE OVERLAP, HIGH 


PRECHARGE & CENABLE OVERLAP, 
50% POINTS 


CONDITIONS 


READ CYCLE 
PRECHARGE TO END OF CENABLE 


END OF PRECHARGE TO 
OUTPUT DELAY 


tr = 20 ns 
tacmin + fovuminl C,o,9 = 100 pF 
+ trom + 2 tr] Rioro = 1002 
Veer = 40 mV 


ADORESS TO OUTPUT ACCESS 


PRECHARGE TO OUTPUT ACCESS tecmin A tovimin 


+ trom + 2 tr 


CONDITIONS 


} tr = 20 ns 


WRITE CYCLE 
READ/WRITE CYCLE 

PRECHARGE TO READ/WRITE DELAY 
READ/WRITE PULSE WIDTH 
READ/WRITE SET UP TIME 

DATA SET UP TIME 

DATA HOLD TIME 


END OF PRECHARGE TO Croan = 100 pF 
OUTPUT DELAY Rioao = 1002 
Veer = 40 mV 


RELATIONSHIP BETWEEN CENABLE AND 
READ/WRITE 


Note 1: These times will degrade by 40 ns (worst case) if the maximum values for Vi, (for precharge, cenable and read/write inputs) go to 
Vgg—14.2V @ 0°C and Vgg—14.5V @ 70°C as defined on page 2. 


*CAPACITANCE Ta=25C 


ADDRESS CAPACITANCE pF Vin = Vss 
PRECHARGE CAPACITANCE : pF in = Vs 
CENABLE CAPACITANCE pF in = Vss 


READ/WRITE CAPACITANCE ; pF Vin = Vss Pins Are 


DATA INPUT CAPACITANCE ; pF CENABLE = 0V At A.C. 
Vin = Vss Ground 


DATA INPUT CAPACITANCE , pF CENABLE = Vs; 
Vin = Vss 
DATA OUTPUT CAPACITANCE pF Vour = OV 


*This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions. 
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1103 


WRITE CYCLE OR READ/WRITE CYCLE 


Timing illustrated for minimum cycle. 


0 50 100 150 200 250 300 350 400 450 500 550 580 
H I } { | ] I i H | 1 : 
gies = two OR tye —— "= 
_- ADDRESS CAN CHANGE es ee 
Vin ADDRESS 
ADDRESS CAN CHANGE 
Vit 
Vin 
PRECHARGE 
Vit 
tcp ———> 
Vin 
CENABLE 
Vin 


Vin 1 " 
READ/WRITE —<—— tw 
Mi 
| P| ~<_— ton 
Vin 


DATA | DATA CAN 4 S DATA CAN 
Vie 


~«t tpo — | 

Vou ; | 2 <e. a= meee ee ee ee aoe 
DATA ! Veer = 40mV DATA OUT N 
OUT R NOT VALID aN 


Loap = «1002: 
Croap = 100 pF 


ATA T < 
—<_— taces i vA. 
ae i amc 


READ CYCLE 


ADDRESS CAN CHANGE 


Vin 


ADDRESS 
AN CHANGE 


ADDRESS ADDRESS STABLE 


PRECHARGE 


Vit 
B <— tcp ——__» 
Vin 
CENABLE 
Vit 


[Ovi ee <_—————  tegy —— 
Vin 


READ/‘WRITE 


DATA OUT 
VALID 


NOTE GQ) Vypy + 2V 
NOTE QO) Va. V 
NOTE 3° tuy 1S REFERENCED TO POINT (1)OF THE RISING EDGE OF CENABLE OR READ WRITE WHICHEVER OCCURS FIRST 
NOTE 4 tu, 1S REFERENCED TO POINT) OF THE RISING EDGE OF CENABLE OR READ WRITE WHICHEVER OCCURS FIRST 


iz IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 
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intel 1103-1 


The Intel°1103-1 isa high speed 1024 bit dynamic random access memory and is the High speed version of the 
standard 1103. The DC and AC Characteristics for the 1103-1 are given in the following three pages. The ab- 
solute maximum ratings for the 1103-1 are the same as for the 1103 on page 2-8. 


=» Access Time — 150 nsec =» Cycle Time — 340 nsec 


D.C. and Operating Characteristics 
(T, = 0°C to +55°C, Vs = 19V +5% (Veg — Ves) = 3V to 4V, Vop = OV unless otherwise specified) 


SYMBOL TEST MIN. TYP. MAX. | UNIT CONDITIONS 


INPUT LOAD CURRENT in = OV 
(ALL INPUT PINS) 


OUTPUT LEAKAGE CURRENT Vour = OV 
Ves SUPPLY CURRENT 


SUPPLY CURRENT ALL ADDRESSES = OV 
DURING Toc PRECHARGE =OV 
CENABLE =\,, 
Ta, = 25°C 


SUPPLY CURRENT ALL ADDRESSES = OV 
DURING Toy PRECHARGE =0V 
CENABLE = OV 
Ta = 25°C 


lies SUPPLY CURRENT PRECHARGE = Ve 
DURING Troy CENABLE = OV 
T, = 25°C 
2 


loos SUPPLY CURRENT ’ PRECHARGE = Vs 
Ty, = 25°C 


loo ave | AVERAGE SUPPLY CYCLE TIME = 340 ns 
CURRENT PRECHARGE WIDTH @50% 
105ns, T, = 25°C 


INPUT LOW VOLTAGE Vss— 20 

INPUT HIGH VOLTAGE Vee 

OUTPUT HIGH CURRENT 1150 13:00 
OUTPUT HIGH CURRENT 900 1150 
OUTPUT LOW CURRENT See Note 3 
OUTPUT HIGH VOLTAGE 115 130 
OUTPUT HIGH VOLTAGE 90 115 
OUTPUT LOW VOLTAGE See Note 3 


Rioan = 1000 


Note 1: The Vgg current drain is equal to (Ipp + !op) OF (Ipp + Io )- 

Note 2: See Supply Current vs. Temperature (p. 2-9)for guaranteed current at the temperature extremes. These values are taken from a single pulse 
measurement. 

Note 3: The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the 
clocks. Voz, equals lo, across the load resistor. 

Note 4: This value of load resistance is used for measurement purposes. In applications the resistance may range from 10022 to 1 kQ. 

Note 5: This parameter is periodically sampled and is not 100% tested. 

Note 6: (Vgp— Vss) supply should be applied at or before Vgs. 


2-13 


AC Characteristics ( 
READ, WRITE, AND READ/WRITE CYCLE 


TIME BETWEEN REFRESH 

ADDRESS TO CENABLE SET UP TIME 
CENABLE TO ADDRESS HOLD TIME 
PRECHARGE TO CENABLE DELAY 
CENABLE TO PRECHARGE DELAY 
PRECHARGE & CENABLE OVERLAP, LOW 


PRECHARGE & CENABLE OVERLAP, 
50% POINTS 


READ CYCLE 


SYMBOL TEST peers UNIT CONDITIONS 


READ CYCLE 

PRECHARGE TO END OF CENABLE 
END OF PRECHARGE TO 

OUTPUT DELAY 


ADDRESS TO OUTPUT ACCESS 


PRECHARGE TO OUTPUT ACCESS 


WRITE OR READ/WRITE CYCLE 


T, = 0°C to 55°C, 


Cn 


PRECHARGE & CENABLE OVERLAP, HIGH 


1103-1 


Veg = 19 + 5%, Vag — Veg = 3.0V to 4.0V, V,, = OV) 


CONDITIONS 


tr = 20 ns 


Croan = 50 pF 
Rioao = 1002 


Veer = 80 mV 


tacmin + tovimin + teomax + 2 tr 
Croan = 50 pF 
Rioan = 1002 
Veer = 80 mV 


tecmin + tovimin + teomax + 2 tr 


Croan = 50 pF 
Rioao = 1002 
Veee = 80 MV 


SYMBOL TEST ae UNIT CONDITIONS 


WRITE CYCLE 

READ/WRITE CYCLE 

PRECHARGE TO READ/WRITE DELAY 
READ/WRITE PULSE WIDTH 
READ/WRITE SET UP TIME 

DATA SET UP TIME 

DATA HOLD TIME 


END OF PRECHARGE TO 
OUTPUT DELAY 


RELATIONSHIP BETWEEN CENABLE 
AND READ/WRITE 


NOTE 1: 


*CAPACITANCE Ta = 25°C 
SYMBOL 


These times will degrade by 35 nsec if a Veer point 


ADD“&SS CAPACITANCE 
PRECHARGE CAPACITANCE 
CENABLE CAPACITANCE 
READ/WRITE CAPACITANCE 


DATA INPUT CAPACITANCE 


DATA INPUT CAPACITANCE 


Croan, = 50 pF 
Rioan = 1002 
Vece = 80 MV 


of*40 mV is chosen instead of the 80 mV point defined in the spec. 


Vin = Vss 


PLASTIC PKG. 
MAX. 


Vin = Vss 
Vin = Vss 
Vin = Vss Pins Are 


At A.C. 


CENABLE = OV 
Ground 


Vin = Vss 


CENABLE = V;; 
Vin = Vss 


Vour = OV 


1103-1 


WRITE OR READ/WRITE CYCLE 


ben aR UNTER two OR tawe = ae 
ADDRESS CAN CHANGE 
Vin ¢ 
j i ADDRESS 
ADDRESS C % ADDRESS STABLE | CAN CHANGE 
Vit 
<*— tovn_ 
Vv << tag ——— 
Ay “love | 
PRECHARGE | 
“ he | 
_ 
Vin ; 
CENABLE 
Vie 
\ 
Vin | 
READ/WRITE 
Vit 


> ton (Note 4) 


Vin ! _— 
DATA DATA CAN ie DATA CAN 
Vit 


V, wee | qu au que che ae ee ee ee eee ee 
_____ You 
DATA Cian = SORE DATA OUT \ 
OUT Aceaa 2 10082 NOT VALID 
Vou Vrer = 80mV 
DATA OuT! 
"acc ; VALID | 
4 ———-_ ——_ —-_ —_——_ tacc2 —, pase = a AT aa ated > 
ADDRESS CAN CHANGE 
tac —— 
Vin 
ADDRESS 
ADDRESS ADDRESS STABLE > CAN CHANGE 
Vit 
—e| to, |e 
Vin —_—$— th, ———— 
PRECHARGE : 
Vit 
Vin 
CENABLE 
Vin 
Vin 
READ/WRITE 
Vin 
Vou 
DATA Croan = 50 pF _y 
ae Vv R.oas = 1002 
i. 2 Veer =80mV SATA out 
‘acct vaio | 


°° —_—__—_——_——————— tacc2 umm —-_ -_ > 


NOTE G) Vpp + 2V 
NOTE @) Veg - 2V 
NOTE 3. toy IS REFERENCED TO POINT (1) OF THE RISING EDGE OF CHIP ENABLE OR READ WRITE WHICHEVER OCCURS FIRST 
NOTE 4 ty, IS REFERENCED TO POINT @ OF THE RISING EDGE OF CHIP ENABLE OR READ WRITE WHICHEVER OCCURS FIRST 


fu IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 
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intel 


** No Precharge Required -- Critical 
Precharge Timing is Eliminated 


" Electrically Equivalent to 1103 -- 
Pin-for-Pin/Functionally 
Compatible 


= Fast Access Time -- 205ns max. 


"Low Standby Power Dissipa- 
tion -- 2 pW/Bit typical 


1103A 
1024 X 1 BIT DYNAMIC RAM 


" Address Registers 
Incorporated on the Chip 


"= Simple Memory Expansion -- 
Chip Enable Input Lead 


= Inputs Protected -- All Inputs 
Have Protection Against 
Static Charge 


=" Ceramic and Plastic 
Package --18-Pin DIP 


The 1103A is a 1024 word by 1 bit dynamic RAM. It is designed primarily for main memory applications 
where high performance, low cost, and large bit storage are important design objectives. The 1103A is elec- 
trically equivalent to the 1103. 


1103A systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 


Information stored in the: memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Ag to Aq) and is required every two milliseconds. The memory may be used in a low 
power standby mode by having cenable at Vccg potential. 

The 1103A is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


A; Lj1 18], J READMWRITE 


Ao C) 
MEMORY MATRIX: 
ArO—p AOORESS Tig] 10F32 a2} Reap fos Bowe 
A, (2 wv A20 ROW WRITE ep. oo ows 
: = A30 Pe SELECTOR | [AMPLIFIERS rear 
Ay L}3 16 |] CENABLE AG INVERTERS (1024 BITS) 
a,44 wa, {64 
n.c. (5 14 1] DATA OUT 
REFRESH “O 
Ag (6 13[7] Ag AMPLIFIERS Pin 
READWRITE 
Ag 147 12 L] DATA IN COLUMN 55> 
a, 8 111] Vpp i GATING oat 
68 O-—__—— 
4,9 = 10 Vye 432 
Vsg Q————> 
Vpp O——_—_> 1 OF 32 
COLUMN 
CENABLE O——> SELECTOR 


PIN NAMES 
NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 


Din DATA INPUT NC 
NOT CONNECTED) 


Ag-Ag ADDRESS INPUTS || CE CHIP ENABLE 
R/W READ/WRITE DoutT DATA OUTPUT 
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READ/WRITE O———> 


LOGIC 0 = HIGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 


16 
ADDRESS LATCH 
AND INVERTERS 


O 
As Ag Az Ag Ag 


1103A 


Absolute Maximum Ratings” 


Temperature Under Bias... 6. eee eee eee eee ens 0°C to 70°C 

Storage Temperature 2... ne eee teen ene e een etna —65°C to +150 °C 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vag - st te ee eee —25V to 0.3V 

Supply Voltages Vo5p and Vgg with Respect to Vgg -- +--+ ett —25V to 0.3V 

Power Dissipation: 2.44644 4 oop Bare BR AS ee OOOH Ee eee eG te ays ERE Be tS ols Sama wake 1.0W 
*COMMENT: 


Stresses above those listed under Absolute Maximum Ra tings’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification isnot implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D. C. and Operating Characteristics 
Ta = 0°C to +70°C, Veg!" = 16V + 5%, (Veg —Vss ) 121 = 3V to 4V, Vpn = OV unless otherwise specified. 


Test 


Input Load Current (All Input 
Pins) 


Output Leakage Current 


Veg Supply Current 


Supply Current During Cenable 
On 


Supply Current During Cenable 
Off 


Average Supply Current 
Input Low Voltage 


Vin Input High Voltage 


lout Output High Current . 
Output High Current 500 1500 4000 uA 
lor Output Low Current See Note Three La Rioap4! == 10082 
VoH4 Output High Voltage 60 180 400 mV 
VonH2 Output High Voltage 50 150 400 mV 


Output Low Voltage See Note Three 


NOTES: 

1. The Vgg current drain is equal to (Ipp + !QH) or (Ipp + lov). 

2. (Veg —Vss) supply should be applied at or before Vgs. 

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 
VOL equals Io, across the load resistor. 

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1k. 
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1103A 


Supply Current vs Temperature 


Ippo (mA) 


Typical Characteristics 


low (mA) 


AVERAGE Ipp (mA) 


OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 


AVERAGE Ipp VS. 
SUPPLY VOLTAGE 


CYCLE TIME IS 580ns 


Ves —Vss =3V 
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Inn? (mA) 


nnn a 
a TYPICAL 


0 25 50 70 


lpp VS. CENABLE 


leg 


CENABLE 


lop (mA) 


+ —_—_—— Toy — > 


om INTERNAI. 
PRECHARGING 


INTERNAL 
TIMING 

DRIVER 
CURRENT Ippy 


' t 


AVERAGE I pp VS. 
1103A CYCLE TIME 


CYCLE TIME (us) 


1103A 


A.C. Characteristics 1, = 0°C to 70°C, Veg = 16V + 5%, (Vag —Vss ) = 3.0V to 4.0V, Vpp = OV 
READ, WRITE, AND READ/WRITE CYCLE 
[svmint [toe me 
Piece | Tine Beowen oie [ 
tac Address to Cenable Set Up 
Time 


Address Hold Time 
Cenable Off Time 


READ CYCLE 


Read Cycle 
Cenable on Time 
Cenable Output Delay 
ADDRESS TO OUTPUT 
ACCESS 
Read/Write Hold Time 


Conditions 


Cy oap = 100PF; Rioap = 1002 


Read/Write to Cenable 0 


Typ. Plastic Pkg. 
Plastic Max. 


Ceramic Pkg. 


f =1MHz. All 


Cinta Data Input Capacitance 4 5 7.5 pF Cenable = OV unused pins are 
Vin = Vss at A.C. ground. 
Cina Data Input Capacitance 2 4 6.5 pF Cenable = Vss 


Cout Data Output Capacitance 2 3 7.0 pF Vin = Vss 
Vout = OV 


NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 


2-19 


1103A 


WRITE CYCLE OR READ/WRITE CYCLE 


Timing illustrated for minimum cycle. 


0 50 100 150 200 250 300 350 400 450 500 550 600 
I | | | l I i | | I I I 


Vin 
ADDRESS ADDRESS STABLE ADDRESS CAN CHANGE cs ae 
Vie 
Vin 
CENABLE 
Vit 
twe 
Vin 
READ/WRITE 
Vin 


Win 
Vit 


Vou = us ane ame wes cee a 
DATA OUT 
DATA OUT Vrer = 40mvV os NOT VALID 2 
V Rioap = 1002 
OL CLoap = 100pF 
—> DATA OUT VALID 
St ace ———____—_——_—_____> 
500 550 600 
| | | 
Vin 
ADDRESS ADDRESS CAN CHANGE mpl rigs 
STABLE 
Vit 
Vin 
CENABLE 
Vit 
twH 
Vin 
READ/WRITE sy 
Vit eee i st sine nue, casos else ces 
Von 
eae Ss 
DATA OUT Vac = 40mV ‘N 
Vv, R LOAD = 1002 
= CLoap = 100 pF 
> €- DATA OUT VALID 
t—_———_—————tacc 
NOTES: 
V + 2V : : $i : 
vie ov ty is defined as the transition between these two points, 
ss — 


3. tpw is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first. 
4. tDH is referenced to point 2 of the rising edge of Read/Write. 
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intel 1103A-1 


1024 x 1 BIT DYNAMIC RAM 


"High Speed 1103A — Access Time — 145ns/Cycle Time—340 ns 


*& No Precharge Required -- Critical = Simple Memory Expansion -- 
Precharge Timing is Eliminated Chip Enable Input Lead 

= Low Standby Power Dissipa- = Inputs Protected -- All Inputs 
tion -- 0.2 pW/Bit Typical Have Protection Against 


Static Charge 
" Address Registers 


Incorporated on the Chip = Standard 18-Pin Dual 
In-Line Packages 


The Intel®1103A-1 is a high speed 1024 bit dynamic random access memory and is the fastest version of the 
standard 1103A. It is designed primarily for main memory applications where high performance, low cost, and 
large bit storage are important design objectives. 

1103A-1 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 


Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Ag to Aq) and is required every one millisecond. The memory may be used in a low 
power standby mode by having cenable at V6s_ potential. 


The 1103A-1 is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


i 418 RAW 


Ao O 
EM TRIX: 
h Ayo ADDRESS |g} 10632 Jacl reav/ | oq {MEMORY MATRIX 
17 Vss A20 pict ROW WRITE 32 ROWS 
A SELECTOR AMPLIFIERS 32 COLUMNS 
]16 CENABLE x 5 __] INVERTERS (1024 BITS) 
15 A, 464 
A- 14 00, REFRESH 6 
110SA-1 ver AMPLIFIERS Din 
READ/WRITE 
J 13 Ag COLUMN ee 
GATING 0 Dout 
112 Dy Vag O———_—> ; 
: 32 
11 Vpp Veg O-——_—_——> 
Vpp O-——————> 1 OF 32 
J10 Ves COLUMN 
CENABLE O——————_» SELECTOR 
PIN NAMES READ/WRITE OQ» 


LOGIC 0 = HIGH VOLTAGE 


Din DATA INPUT NC NO EXTERNAL CONNECTION ROBIE A 7 LOWE VOLTAGE 
REQUIRED (INTERNALLY Oe enrene 

NOT CONNECTED) C6 66) @ 

As Ag Az Ag Ag 


Ag-Ag ADDRESS INPUTS || C CHIP ENABLE 
R/W_READ/WRITE DouT DATA OUTPUT 
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Absolute Maximum Ratings” 


Temperature Under Bids: 14 ok eaaae oe es eeee Ese hee Te Cee SEER OES Hee ee SRO eR Re 0°C to 70°C 
Storage Temperature 6. ee eee eee e ELC eee eae —65°C to +150 °C 
All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg --- +--+ ee eee eee —25V to 0.3V 
Supply Voltages Vop and Veg with Respect to Vgg --- + et tee nes —25V to 0.3V 
Power Dissipation 6. Re Re ee ee 1.0W 
“COMMENT: 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification isnot implied. Exposure to absolute maximum rating conditions for ex tended periods may affect device reliability. 


D. C. and Operating Characteristics 
Ta=0°C to + 55°C, Veg"! = 19V + 5%, (Vea —Vss )[2] = 3V to 4V, Vpp = OV unless otherwise specified. 


ly Input Load Current (All Input 
Pins) 


Output Leakage Current 
lgp Veg Supply Current 
loot 


Unit 


yA 


-) 
< 


< 
O 
Cc 
4 


Supply Current During Cenable 
On 


Supply Current During Cenable 


m Cenable = OV; Ta = 25 C 


LA 

A = [e) 
mA | Cenable = Vgg ; Ta = 25°C 
mA 

Vv 


lpp2 


Off 
lopav Average Supply Current Cycle Time = 340ns; Tp = 25°C 
ViL Input Low Voltage 


Input High Voltage Vss —1 Vgs +1 V 


Output High Current 1150 1800 7000 LA 


900 1600 7000 
Output Low Current See Note Three ea 


VouH2 90 160 700 
VoL See Note Three 
NOTES: 


| Rioap4l = 1002 
1. The Vgg current drain is equal to (Ipp + IOH) or (Ipp + lov). 
2. (VgpB —Vss) supply should be applied at or before Vgs. 


3. The output current when reading a flow output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 
VOL equals lo, across the load resistor. 
4. This value of load resistance is used for measurement purposes. !n applications the resistance may range from 1002 to 1k. 
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A.C. Characteristics T, = 0°C to 55°C, Veg = 19V +5%, (Vag —Ves ) =3.0V to 4.0V, Vop = OV. 
READ, WRITE, AND READ/WRITE CYCLE 


Conditions 


Time Between Refresh 
Address to Cenable Set Up 


Time 
Address Hold Time 
Cenable Off Time 


READ CYCLE 


Read Cycle 


Cenable on Time Cioap= S0pF 


| Cenable Output Delay Rioap = 1002 


ADDRESS TO OUTPUT =taomin t| Vree = 80mv 


ACCESS 


Symbol Test 
Write Cycle 


te Read/Write Cycle 
Cenable to Read/Write Delay 
Read/Write Pulse Width 
Read/Write Set Up Time 


Data Set Up Times” 


eae 
ee Data Hold Time 
jtwe | 


Output Delay ; ae f 
Read/Write to Cenable “> ates 


CAPACITANCE!"! T, = 25°C 


Typ. Plastic Pkg. Ceramic Pkg. 


Plastic Max. Max. Conditions 


Vin = Vss 


f =1MHz. All 


Cenable = OV unused pins are 
Vin = Vgs 


at A.C. ground. 


Cenable = Vs 


NOTES: 1, These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 
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WRITE CYCLE OR READ/WRITE CYCLE 


twcy OR t RWC — 
tac 


@ ADDRESS 
ADDRESS <a ADDRESS STABLE > ADDRESS CAN CHANGE cs PARLE 
vi 


L 
oi 
Vin 
CENABLE 
Vit 
twe 
Vin 
READ/WRITE 


Te 
—> tin [4] 

Vin 
tan f er ae se meANeNG: 

Vit 
eee TS DATA OUT 
DATA OUT Vrer = 40mV NOT VALID Le 

Vv, Rioap = 1002 

oF Croan = 100pF 
—_——> DATA OUT VALID 
tacc a 
<4 —tre | 
Vin 


ADDRESS CAN CHANGE 


2) ADDRESS 
ADDRESS ded ADDRESS STABLE > a STABLE 
Vit 


| tac 
Vin 
CENABLE 
Vit 
twe twH 
‘———_——_ ——_—_—. try ——______———_> 
Vin 
READ/WRITE v 
Vie ee ee 
Von 
—————— “x 
DATA OUT Vacr=40mV N 
Vv, R toap = 10082 
ot Croap = 100 pF 
DATA OUT VALID 
: CAA —_—_— t ace eee 
NOTES: 
V +2V : . me . 
dee. oy ty is defined as the transition between these two points, 


3. tpw is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first. 
4. tpH is referenced to point 2 of the rising edge of Read/Write. 
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Supply Current vs Temperature 


7 
N "05 
XN 4, 


Ipp1 (mA) 


Typical Characteristics 


OUTPUT HIGH CURRENT AVERAGE Ipp VS. 
VS. SUPPLY VOLTAGE SUPPLY VOLTAGE 


q 
£— 
q 8 
—- 16 4 
5 
1.4 cg 
OPERATING _ — 
REGION 
1.2 
106 22 
AVERAGE Ip) VS. 
CYCLE TIME lop VS. CENABLE 
CENABLE 


AVERAGE Ipp (mA) 


INTERNAL 
= (00 PRECHARGING 
— 50 INTERNAL CO ReeNs 
= 40 TIMING 
caer DRIVER 
CURRENT Ipp, 


t 


CYCLE TIME (us) TIME 
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intel 


1024 x 1 BIT DYNAMIC RAM 


« High Speed 1103A — Access Time — 145ns/Cycle Time—400ns 


= Simple Memory Expansion -- 


* No Precharge Required -- Critical 
Chip Enable Input Lead 


Precharge Timing is Eliminated 


* Inputs Protected -- All Inputs 
Have Protection Against 
Static Charge 


= Standard 18-Pin Dual 
In-Line Packages 


" Low Standby Power Dissipa- 
tion --0.2 uW/Bit Typical 


" Address Registers 
Incorporated on the Chip 


The Intel"1130A-2 is a high speed 1024 bit dynamic random access memory and is the 400ns cycle time version 
of the standard 1103A. It is designed primarily for main memory applications where high performance, low cost, 
and large bit storage are important design objectives. 

1103A-2 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Ag to Aq) and is required every one millisecond. The memory may be used in a low 
power standby mode by having cenable at Ves_ potential. 

The 1103A-2 is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 


BLOCK DIAGRAM 


Ao e@ 
MEMORY MATRIX: 
ArO—4 ADDRESS |15] 10F32 |32] READ/ {64 
A20 HOLGH W 32 ROWS 
2 AND AON pine 32 COLUMNS 

A3O—| invERTERS SEFEGTOR AMELIFIERS (1024 BITS) 
Ag O 

64 


REFRESH 
AMPLIFIERS 
READ/WRITE 

COLUMN 
GATING 


PIN CONFIGURATION LOGIC SYMBOL 


™O Din 


0 Dout 


Vga O—————> 
Vss O-———-——> 


1 OF 32 


Vop Oe > 
CENABLE O-———--——> 
READ/WRITE O—————> 


LOGIC 0 = HIGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 


PIN NAMES 


NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 


+)-Ag ADDRESS INPUTS CE CHIP ENABLE 
R/W READ/WRITE DouT DATA OUTPUT 


Din DATA INPUT 
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COLUMN 
SELECTOR 


16 


ADDRESS LATCH 
AND INVERTERS 


OO) OO) O © © 
As Ag Az Ag Ag 


1103A-2 


Absolute Maximum Ratings* 


Temparatire UNGER Biase. 2..ecs.-pxeh doe aed we esac eae Pe en ee eee ed oond Mdeh ea Bh eae ears 0°C to 70°C 
Srorage Lemperatile. Soak Ah Rtas oc de eSae RE Seas eth ROA Me ee Sea wey —65°C to +150°C 
All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vag .----- ee eee ee eee —25V to 0.3V 
Supply Voltages Vop and Vgg with Respect to Vgg -- 6. ee ee ee ee ee eee —25V to 0.3V 
POWERMDISSIDALLON: § ede. e a anne So ee oR oe ie ok ee eRe ona bee Ge ohana anaes 1.0W 
*COMMENT: 


Stresses above those listed under "Absolute Maximum Ratings‘' may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections cf 
this specification isnot implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D. C. and Operating Characteristics 


Ta=0°C to + 55°C, Ves!!! = 19V + 5%, (Vag —Vss )!2! = 3V to 4V, Vpp = OV unless otherwise specified. 
Input Load Current (All Input 


Pins) 


Vag Supply Current cap 


ae Supply Current During Cenable Cenable = OV; T, = 25°C 
On 
lpp2 Supply Current During Cenable Cenable = Vgg ; Ta = 25°C 
Off 
lopav Average Supply Current Cycle Time = 400ns; T, = 25°C 
Vit Input Low Voltage 
V Input High Voltage Vss —1 Vgg +1 


loHt Output High Current 1150 1800 7000 


| A 
Output High Current 1600 7000 WA | 
a 
Ee 
es 


Output Low Current See Note Three 
Output High Voltage 115 
Von2 Output High Voltage 
Vo Output Low Voltage See Note Three 
NOTES: 


1. The Vgg current drain is equal to (Ipp + !oH) or (Ipp + !OL). 
2. (VgpB —Vss) supply should be applied at or before Vss. 


3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 
VoL equals lo. across the load resistor. 
4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1k2. 
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1103A-2 


A.C. Characteristics T, = 0°C to 55°C, Vss = 19V +5%, (Vag —Vss )=3.0V to 4.0V, Vpp = OV. 
READ, WRITE, AND READ/WRITE CYCLE Refer to page 2-23 for definitions. 


Conditions 


Time Between Refresh 
Address to Cenable Set Up 


Time 
Address Hold Time 
Cenable Off Time 


READ CYCLE 


Read Cycle 
Cenable on Time Ci oap= SOPF 


ADDRESS TO OUTPUT =tromin t | Veer = 80mV 
ACCESS 


WRITE OR READ/WRITE CYCLE 


Symbol 
Write Cycle 
Read/Write Cycle 
Cenable to Read/Write Delay 


Data Set Up Time 
Data Hold Time 


Typ. Plastic Pkg. Ceramic Pkg. 
Plastic Max. 


f =1MHz. All 


unused pins are 


at A.C. ground. 


NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 
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1103A-2 


Supply Current vs Temperature 


12 


7 
7 
N% 


Nr, ( 
\ 
GUARANTEED 


11 


Ipp1 (mA) 


0 25 50 
T (°C) 
Typical Characteristics 
OUTPUT HIGH CURRENT AVERAGE lbp VS. 


2.2 


VS. SUPPLY VOLTAGE SUPPLY VOLTAGE 


< 
£ 
pene Q 
<q 2 
= 16 O 
x <q 
a) « 
WwW 
z 
14 CYCLE 
OPERATING _— TIME = 400ns 
REGION 
1.2 
1.0 
16 17 18 20 21 22 
Ves (V) 
AVERAGE lop vs. 
CYCLE TIME I pp VS. CENABLE 
<q 
= CENABLE 
a 
4 
oe SS ey 
g 
[oq 
$ 
< 70 INTERNAL 
z #0 f PRECHARGING 
— 50 INTERNAL PURDENT 
a 40 TIMING 
> 4 DRIVER 
CURRENT Ip, 
20 | lop2 
10 ' { + 
0 
CYCLE TIME (us) TIME 
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intel 
2101A 


256 X 4 BIT STATIC RAM 


2101A-2 250 ns Max. 
350 ns Max. 


2101A-4 450 ns Max. 
m 256 x 4 Organization to Meet Needs for =m Inputs Protected: All Inputs Have Pro- 
Small System Memories tection Against Static Charge 
= Single +5V Supply Voltage = Low Cost Packaging: 22 Pin Plastic Dual 
= Directly TTL Compatible: All Inputs and In-Line Configuration 
Output @ Low Power: Typically 150 mW 
m Statis MOS: No Clocks or Refreshing = Three-State Output: OR-Tie Capability 
Required = Output Disable Provided for Ease of Use 
= Simple Memory Expansion: Chip Enable in Common Data Bus Systems 
Input 


The Intel® 2101A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated ona 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. 


The 2101A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. 


itis directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy selection of 
an individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs can be tied for 
common |/O systems. The output disable function eliminates the need for bi-directional logic in a common I/O system. 


The Intel® 2101A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
@ 
Ao 0 > ae 
Al © > a 
@) ROW MEMORY ARRAY 
AZ 0 De) | teres 32 ROWS 
@ 32 COLUMNS 
A3 0 > 
G) 
Ag o > 
® 
DI; 0 >a 
() INPUT | i (0) 
Di2 0 > as > ©, DO 
@ CONTROL @ 
Diz 0 >a _B 0 DO2 
04) 
Dig © > | ®, DO3 
CE2 CE1 TB @, p04 
_ 49 
PIN NAMES er, = 
: DATA INPUT CE, CHIP ENABLE 2 CE E = 
ADDRESS INPUTS OD i OUTPUT DISABLE WE 2 = PIN NUMBERS 
WRITE ENABLE DO,-DO, DATA OUTPUT te 
CHIP ENABLE 1 Veg POWER (+5V) oe +) 
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2101A FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


ei ase -10°C to 80°C 
-65°C to +150°C 


Ambient Temperature Under Bias 


Storage Temperature 


Voltage On Any Pin 
With Respect to Ground 


Power Dissipation 


"COMMENT: 


Stresses above those listed under ‘Absolute Maximum 
Rating ‘may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = 5V +5% unless otherwise specified. 


Test Conditions 


ly Input Current ee a ein ioe Roa Vin = Oto 5.25V 

lLOH Data Output Leakage Current pa Output Disabled, Voy7=4.0V 

lLOL Data Output Leakage Current Ee seh IO Output Disabled, Voy7=0.45V 

loc Power Supply 2101A,2101A-4| =| 35 || 55 | mA | Vin =5.25V, 19 = OMA 
Current 2101A-2| | 45 | 65 | Ta = 26°C 

ieee Power Supply 2101A,2101A-4| =| =| 60 | mA | Vy =5.25V, 19 = OmA 
Current 2101A-2{; | ~~ | 70 | Ta = 0°C 

Vi____| Input“Low" Voltage | -08| | 40.8 | OV 

Vin Input “‘High” Voltage Vec 

VoL Output “Low” Voltage — 40.451 V | Io, =2.0mA oe 

Vou Output “High”  2101A, 2101A-2| 2.4 pL Tie 


TYPICAL D.C. CHARACTERISTICS 


OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE © 


ae AMBIENT TEMPERATURE 
Q° 
f 70°C 


-15 


-10 


ton (mA) 


= NN Veg = 4.75V 
OUTPUT “HIGH” TYPICAL 


Von (VOLTS) 


NOTES: 1. 


2-31 


Typical values are for Ta = 25°C and nominal supply voltage. 


OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 


rade 
ay /45- 


Vo. (VOLTS) 


2101A FAMILY 


A.C. CHARACTERISTICS FOR 2101A-2 (250 ns ACCESS TIME) 
READ CYCLE Ty, =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


Symbol Parameter | Min. typ || Max. | Unit | Test Conditions 
tre Read Cycle 250 eee all 


ta Access Time hn. 250 t,, t; = 20ns 

tco Chip Enable To Output i ns Input Levels = 0.8V or 2.0V 
top Output Disable To Output a ns Timing Reference = 1.5V 
tpg |S! Data Output to High Z State 0 Load = 1 TTL Gate 


t Previous Read Data Valid at and C,; = 100pF. 
On after change of Address 


WRITE CYCLE 


aF 

~~ 

) 
=) = 
8|8 


Symbol Typ | Max. | Unit | Test Conditions 

twe Write Cycle Lee 

taw Write Delay 20 a fa t,, te = 20ns 

teu Chip Enable To Write 150 | fons | Input Levels = 0.8V or 2.0V 
tow Data Setup Ff ons | Timing Reference = 1.5V 
toy Data Hold — ae eae Load = 1 TTL Gate 

twp Write Pulse aa and C, = 100pF. 
tos Output Disable Setup ee eae 


(2) 
CAPACITANCE _ Ta = 25°C, f = 1MHz 


Input Capacitance 
(All Input Pins) Vij = OV 


Output Capacitance Voyt = OV 


WAVEFORMS 
READ CYCLE WRITE CYCLE 


ADDRESS ADDRESS 


CE2 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tof is with respect to the trailing edge of CE, CEp, 4. OD should be tied low for separate !/O operation. 

or OD, whichever occurs first. 
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2101A FAMILY 


2101A (350 ns ACCESS TIME) 


A.C. CHARACTERISTICS 
READ CYCLE Ta, =0°C to 70°C, Vcc = 5V £5%, unless otherwise specified. 


Symbol | Parameter. | Min. | Typ | Max. | Unit 
ta Access Time re 350 
tco Chip Enable To Output 240 ns 
top Output Disable To Output pp 180 ns 
tor (2! Data Output to High Z State ns 
ae Previous Read Data Valid rs 
after change of Address 
WRITE CYCLE 


Parameter Unit 


~” 


nr 


Write Cycle 


Write Delay a on Ce 
tow Chip Enable To Write 200 EE 
tow Data Setup 200 
twrR Write Recovery 0 Pe ene 
tos Output Disable Setup 20 a 


2101A-4 (450 ns ACCESS TIME) 


A.C. CHARACTERISTICS 
READ CYCLE 


Ta = 0°C to 70°C, Vec = 5V £5%, unless otherwise specified. 


Parameter 
Read Cycle 
Access Time 
Chip Enable To Output 
Output Disable To Output 
Data Output to High Z State 


Previous Read Data Valid 
after change of Address 


Symbol 


top 


WRITE CYCLE 


Symbol Parameter Min. Ty. 
twec Write Cycle 270 
taw Write Delay 20 pm 
tcw Chip Enable To Write 250 
we | WritePuke S| 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. tor is with respect to the trailing edge of CE;, CE9, or OD, whichever occurs first. 
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Test Conditions 


Test Conditions 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C; = 100pF. 


Test Conditions 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


Test Conditions 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


In 2102A, 2102AL 
1K x 1 BIT STATIC RAM 


Standby Pwr. | Operating Pwr. 
(mW) (mW) 


Access 
(ns) 


2102AL-4 450 
2102AL 350 
2102AL-2 250 
2102A-2 250 
2102A 350 
2102A-4 450 


2102A-6 


a Single +5 Volts Supply Voltage s Inputs Protected: All Inputs 
s Directly TTL Compatible: All Have Protection Against Static 
Inputs and Output Charge 


» Standby Power Mode (2102AL) # Low Cost Packaging: 16 Pin 


= Three-State Output: OR-Tie EBay snes ontiguration 
Capability 


The Intel® 2102A is a high speed 1024 word by one bit static random access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to 
operate. The data is read out nondestructively and has the same polarity as the input data. 


The 2102A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. A /ow standby power version (2102AL) is also available. It has all the same operating 
characteristics of the 2102A with the added feature of 35mW maximum power dissipation in standby and 174mW in operations. 


It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tied. 


The Intel® 2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance easy to use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


PIN 
CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
ee PIN NAMES : 
Ag DATA INPUT © = 


ADDRESS INPUTS 
READ/WRITE INPUT 


DATA OUT 
DATA IN 


CHIP ENABLE 
DATA OUTPUT AO 


Vec POWER (+5V) 


GND 


TRUTH TABLE 


COLUMN 1/0 CIRCUITS 
COLUMN | cotumesececron 


Din Dour 


NOT SELECTED 


WRITE “0” 


WRITE “1” 
READ ©): PIN NUMBERS 
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2102A FAMILY 


Absolute Maximum Ratings* *COMMENT: 

: ° ° Stresses above those listed under ‘‘Absolute Maximum Rating” 
Ambient Temperature Under Bias -10°C to 80°C may cause permanent damage to the device. This is a stress 
Storage Temperature —65°C to +150°C rating only and functional operation of the device at these or 
Voltage On Any Pin at any other condition above those indicated in the opera- 

With Respect To Ground _0.5V to +7V tional sections of this specification is not implied. Exposure to 
; absolute maximum rating conditions for extended periods may 
Power Dissipation 1 Watt affect device reliability. 


D. C. and Operating Characteristics 
Ta = 0°C to 70°C, Vec = 5V +5% unless otherwise specified. 


2102A, 2102A-4 
2102AL, 2102AL-4 2102A-2, 2102AL-2 2102A-6 
Limits Limits Limits 
Symbol Parameter in. Typ. [1] in. Typ.) Max. | Min. Typ.) Max. Test Conditions 


1LOH Output Leakage Current po 

ILOL Output Leakage Current Ce 

lec mA | All Inputs = 5.25V, 
Data Out Open, 
Ta =0°C 

ViL Input Low Voltage -0.5 0.8 | -0.5 0.8 05 = 0.65 | V | 

Vin Input High Voltage 2.0 Vec | 2.2 Vec 


Notes: 1. Typical values are for Tap = 25°C and nominal supply voltage. 
2. The maximum Icc value is 55mA for the 2102A and 2102A-4, and 33mA for the 2102AL and 2102AL-4. 


Standby Characteristics 2102AL, 2102AL-2, and 2102AL-4 (Available only in the Plastic Package) 


Ta = 0°C to 70°C 


Symbol Parameter 
Vpep Vec in Standby 
Vces!2! | CE Bias in Standby 


Ipp4 Standby Current 
Ipp2 Standby Current 20 
tcp Chip Deselect to Standby Time 0 

tr{3l Standby Recovery Time trc 


STANDBY WAVEFORMS 


STANDBY MODE 


2102AL, 2102AL-4 2102AL-2 
Limits 


Limits 
Test Conditions 


2.0V<Vpp <Vcc Max. 
1.5V <Vpp< 2.0V 


All Inputs = Vpp, = 1.5V 
All inputs = Vpp2=2.0V 


WwW 
© 
+ 
D 
@) 


NOTES: 

1. Typical values are for Ta = 25°C. 

2. Consider the test conditions as shown: If the stand- 
by voltage (Vpp) is between 5.25V (Vcc Max.) and 
2.0V, then CE must be held at 2.0V Min. (Vj). If 
the standby voltage is less than 2.0V but greater than 
1.5V (Vpp Min.), then CE and standby voltage 
must be at least the same value or, if they are dif- 
ferent, CE must be the more positive of the two. 

3. tR =tRc (READ CYCLE TIME). 


2102A FAMILY 


A. C. Characteristics T, =0°C to 70°C, V... = 5V +5% unless otherwise specified 


READ CYCLE 
2102A-2, 2102AL-2} 2102A,2102AL | 2102A-4, 2102AL-4 2102A-6 
Limits (ns) Limits (ns) Limits (ns) Limits (ns) 
Symbol Parameter Min. Max. | Min. Max. | Min. Max. 
trc Read Cycle 250 350 450 650 


fa \Access Tine 250 | ~—«380 650 
tco [Chip Enable to Output Time | == 130 | si | 230 400 
toH1 Previous Read Data Valid with 40 40 

Respect to Address 
toH2 | Previous Read Data Valid with 
Respect to Chip Enable 
WRITE CYCLE 


twe WriteCycle = [280 350 450 650 
eae! 


fo) 


toH Data Hold Time 


tcw Chip Enable to Write Setup 


A.C. CONDITIONS OF TEST 


Input Pulse Levels: 0.8 Voit to 2.0 Volt 
Input Rise and Fall Times: 10nsec INPUT CAPACITANCE 
Timing Measurement Inputs: 1.5 Volts (ALL INPUT PINS) Vy) = OV 
Reference Levels Output: 0.8 and 2.0 Volts OUTPUT CAPACITANCE 
O Load: 1TTLG dC; = 100 pF =. 
utput Loa ate and Cy p Visi = OV 
Waveforms 


READ CYCLE WRITE CYCLE 


tac —— 


twe 


CHIP CHIP 
ENABLE ENABLE 
‘oH? 
Ya eS taw we 
Ata (as abit 
WRITE 
3) 
1.5 VOLTS ‘ony ; 
2 20VOLTS a 
3. O8VOLTS DATA DATA CAN DATA CAN 


IN CHANGE CHANGE 


DATA STABLE 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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2102A FAMILY 


Typical D. C. and A. C. Characteristics 


POWER SUPPLY CURRENT VS. 


POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 


SUPPLY VOLTAGE 


lec (mA) 
log (mA) 


Vec (VOLTS) 


OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 


e : 
$ é 
- 3 
Vo, (VOLTS) 
ACCESS TIME VS. ACCESS TIME VS. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 
350 
1 TTL LOAD 
C, = 100pF 
250 = — 
- hs TYPICAL 
s 7 
150 
50 
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in M2102A-4 %,. 
1K x 1 BIT STATIC RAM VW, 


# 10% Vcc Supply Tolerance » Three State Output: OR-Tie 
= Directly TTL Compatible: All Capability 

Inputs and Output =» 16 Pin Hermetic Dual-In-Line 
= Low Power: 385mW Max. Package 


The Intel® M2102A is a high speed 1K x 1 RAM specified over the -55°C to +125°C temperature range. The RAM uses fully DC 
stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is read out nondestructively and has 
the same polarity as the input data. 


The Intel® M2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


PIN CONFIGURATION LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS* 

16) A, Ambient Temperature Under Bias .. —65°C to +135°C 
Ag Storage Temperature .........., —65°C to +150°C 
Ag Voltage On Any Pin 
CE With Respect to Ground ........ —0.6V to +7V 
DATA OUT Power Dissipation ..............0. 000s 1 Watt 
DATA IN 

*COMMENT 


Vec 


ang Stresses above those listed under ‘‘Absolute Maximum Rating” 


may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or at any 


TRUTH TABLE 


Ow Dour MODE other condition above those indicated in the operational sections 
x HIGH 2 NOT SELECTED of this specification is not implied. Exposure to absolute maxi- 
t WRITE “0” mum rating conditions for extended periods may affect device 
é vee reliabilit 

x READ y. 


Symbol Parameter cacy Unit | Test Conditions 
yp 
ly Input Load Current —+ ae Vin =O to 5.5V 
lLOH Output Leakage Current = aoa: CE=Min. Vin, Vout = Vou 


ILOL Output Leakage Current 3 E=Min. Vin , Vout = 0.45V 
All Inputs = 5.5V 

| P t 

CC1 ower Supply Curren La 30 80 | ma Data Out Open, Ta = 25°C 
All Inputs = 5.5V 

| P Suppl t 7 


VoL Output “‘Low” Voltage lol =2.1mMA 


5B 
> 
ml 


Vou Output ‘High’ Voltage : lon = -100 LA 
NOTE 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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> 
% 


4 


M2102A-4 


A.C. Characteristics 1, = -55°C to +125°C, Vcc = 5V + 10% unless otherwise specified 


M2102A-4 Limits (ns) 
Min. Max. 


Parameter 


tcw Chip Enable to Write Setup Time 300 


READ CYCLE 
WRITE CYCLE 
[hip Erato wo Wile Sup Tine 


Capacitance”’'T, = 25°C, f= 1MHz 


A.C. CONDITIONS OF TEST SYMBOL TS (pF) 
1 
Input Pulse Levels: 0.8 Volt to 2.0 Voit —---—- anew 
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 
Timing Measurement — Inputs: 1.5 Volts (ALL INPUT PINS) V,,, = OV 
Ref Level Output: 0.8 and 2.0 Volt 
Out nace a ea Gate and FA = fas 5 Cour Ge eee 7 
i ee eusais Vout = OV 
Waveforms 
READ CYCLE WRITE CYCLE 


tac 


CHIP CHIP 
ENABLE ENABLE 
toH?2 

DATA ? READ/ 
OUT b WRITE 

@ 15 VOLTS oe tow 

@) 2.0 VOLTS 

DATA DATA CAN DATA CAN 


NOTES: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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intel 
2104A FAMILY 
4096 x 1 BIT DYNAMIC RAM 


2104A-4 


Read, Write Cycle (ns) 
Max. IDD (mA) 


Max. Access Time (ns) | 150 


= Highest Density 4K RAM Industry Stan- m= Refresh Period: 2 ms 


dard 16 Pin Package | = On-Chip Latches for Addresses, Chip 
m@ Low Power 4K RAM Select and Data !n 
@ All Inputs Including Clocks TTL = Simple Memory Expansion: Chip Select 
Compatible = Output is Three-State, TTL Compatible; 
m +10% Tolerance on All Power Supplies Data is Latched and Valid into Next Cycle 
+12V, +5V, -5V = Compatible with Intel® 2116 16K RAM 


The Intel® 2104A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance 
and high functional density. 

The efficient design of the 2104A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin 
package provides the highest system bit densities and is compatible with widely available automated handling equipment. 
The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into 
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row 
Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the 
multiplexing technique while maintaining high performance. 

A new unique dynamic storage cell provides high speed along with low power dissipation and wide voltage margins. The 
memory cell requires refreshing for data retention. Refreshing is most easily accomplished by performing a read cycle at 
each of the 64 row addresses every 2 milliseconds. 


The 2104A is designed for page mode operation, “RAS-only refreshing,” and “CAS-only deselection.” Thus it is compatible 
with the Intel® 2116, 16K RAM. 


PIN CONFIGURATION LOGIC DIAGRAM BLOCK DIAGRAM 


OUTPUT 


Cars 


ADDRESS LATCH AND 
BUS BUFFER 
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Sr nnn nn nn ne cae attdyEEEaEEESEIS SESE EES en 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: 

é : Stresses above those listed under "Absolute Maximum Rat- 
Ambient Temperature Under Bias ..... ~10 C to es ings'' may cause permanent damage to the device. This is a 
Storage Femperature aD Gate Ore Ee -65 C to +150 C stress rating only and functional operation of the device at 
Voltage on any Pin Relative to Veg these or any other conditions above those indicated in the 

(Vsg : VBB = ABV) 26 eee eee -0.3V to +20V operational sections of this specification is not implied. Ex- 
Power Dissipation .....-- +--+ seer eee eee 1.0W posure to absolute maximum rating conditions for extended 
Data Out CUITENt «cans 2 asecucae oe ete Hess 50 mA periods may affect device reliability. 

[1] 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0° to 70°C, Vpp = +12V +10%, Voc = +5V +10%, Veg = -5V +10%, Veg = OV, unless otherwise noted. 


Limits 
Symbol Parameter : 


ba Input Load Current (any input) 


Unit Conditions 


— 


A Vin = Vit min to Vin MAX 


uA Chip deselected: RAS and CAS at Viy 
Vout = 0 to 5.5V 


s|F 


IlLol Output Leakage Current for 
High Impedance State 


Vpp = 13.2V | CAS and RAS at Vix. 
= 12.6V Chip deselected prior 


‘Ipp1 [3] Vpp Standby Current 


ey 
O|oO ce 
SN] “SW oe! 
N 


—_ 
ol 


> 


Vpop 
to measurement. 


Ipp2!3!_ | Operating Vpp Current 2104A-1 tcyc = 320 ns 
(Device Selected) P104A-2 teve = 320 ns 
2104A-3,4 — teyc = 375 ns 

lBB2 Operating Vgp Current 160 400 Device Selected. Min cycle time. 


lec1 [4] Vcc Supply Current when 
Deselected 


NO 


mA 2104A-1, 2 tceyc = 320 ns 
mA 2104A-3, 4 tcyc = 375 ns 


Ipb3 Operating Vpp Current 
(RAS-only cycle) 


Ny] oO 
i= 
> 


Vin | InputHigh Voltage sss | 24 | | 7.0 
CAPACITANCE”! 1 = 25°C 

C12 Vin = Vss 
Co Vout = OV 
Ci3 Vin = Vs 


Notes: 1. All voltages referenced to Vsg. The only requirement for the sequence of applying voltages to the device is that Vpp, Vcc, and 
Vss should never be 0.3V or more negative than Vgp. After the application of supply voltages or after extended periods of opera- 
tion without clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS 
and CAS) prior to normal operation. 

Typical values are for Ta = 25°C and nominal power supply voltages. 

The Ipp current flows to Vss. 

When chip is selected Vcc supply current is dependent on output loading. Vcc is connected to output buffer only. 

. The chip is deselected; i.e., output is brought to high impedance state by CAS-only cycle or by a read cycle with CS at Vip. 

. Capacitance measured with Boonton Meter. 


DARWN 
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1 
A.C.CHARACTERISTICS" 
Ta=0°C to 70°C, Vpp=12V +10%, Voc=5V +10%, Vag=-5V +10%, Vgg=OV, unless otherwise noted. 


READ, WRITE, AND READ MODIFY WRITE CYCLES 


2104A-1 2104A-2 2104A-3 2104A-4 : 
Pp t Unit 


: : ; in. 
ee 7 eee Gee 


i 
*) 
x 


=] 
nw 


=] 
n 


taSCc Column Address or CS Set-Up Time 


trp RAS Precharge Time 115 1 

trci!2] | RAS to CAS Leading Edge Lead Time 35 110 | 80 135 | os 

ims | RAS Hold Time | 008098 

cs 10 700 750 r 

tash__|_ Row Adds SetUp Time | oy : 
Bic Fae Ole oe els a rE 


N 
Oo 
N 
oa 


—_— 
ol 
io) 
NO 
(2) 
oO 
nN 
on 
io) 
=] 

7) 


tRAH Row Address Hold Time 
tCAH Column Address or CS Hoid Time 


ew 
ol 
3S 
a 


tT Rise or Fall Time 


© 
ioe) 
oO 
3 
77) 


tOFF Output Buffer Turn-Off Delay 


tcAC 3 Access Time From CAS 130 


tRAC Access Time From RAS 


READ CYCLE 


2104A-1 2104A-2 2104A-3 2104A-4 Unit 
ni 
Symbol Parameter Min. Max. | Min. Max. | M ax. | Min. Max. 
320 320 3 25 
2 


ns 


in. M 
tRC Random Read or Write Cycle Time }320 sf 3200s tid ts SC=*d 
tas | RAS Fulse Wath ns 
tcas | CAS Pulse Wiath [000 a6 
trcH | Read CommandHoidtime SS PSOSC~*dSCiSSC~<~srSCi SSCS 
(DOH | Data OurHoldTimeSSSCS~*~—~—CY a SSS~*~‘“SC(iSCS~*~“dS(C 8s 


WRITE CYCLE! 


2104A-1 2104A-2 2104A-3 2104A-4 
tRC Random Read or Write Cycle Time ns 
tRAS RAS Pulse Width 300 32000 ns 


wes | Write Commend SetUsTime | OSCdE SCO SCSC~iSC‘SSC~iSC‘i 
wer | Write CommandHoldTime S| 88 SSC*dSCSSCS~*~‘di;C‘aSS~*dCS 
wor |" Write Commend Hold Time Referenced toRAS [105 (| 145 —~—~«d;*TeSSSCS*dC 
we [Write Commend Pulewigth | MB SCd;COBSSCSC*‘“dt=C‘BSSSCS~*~dSC<i 
tRWL Write Command to RAS Lead Time Ee ee ns 


tDHR Data-In Hold Time Referenced to RAS 215 ns 


row | Write Command 10 CAS Lead Time [13000980 


> 
< 
9 
ot 
a 
fo} 
oO 
n 
“ 
@ 
—h 
@o 
=. 
© 
a 
QO 
oO 
Qa. 
ot 
oO 
< 
” 
n 
= 
= 
3 
Cc 
3 
= 
3 
=) 
Co} 
(77) 
Q 
1°) 
) 
ie] 
oe 
—s 
o 
2 
_s 
ie) 
im J 
ot 
+ 
° 
—* 
n 
x 
@ 
= 
wn 


Notes: 1, 


2. CAS must_remain at Vjy a minimum of tac min after RAS switches to Vi_. To achieve the minimum guaranteed access time 
(tRAC), CAS must switch to Vj, at or before tRCL Of tRAC — tT - tcc as described in the Applications Information on page 2-45. 
tRCL MAX is given for reference only as trac — tcac. 

3. Load = 2 TTL and 100 pF. See Applications Information. 

4. In a write cycle DoyT latch will contain data written into cell. In a read-modify-write cycle DouT latch will contain data read 
from cell. If WE goes low after CAS and prior to tcac, DouT is indeterminate. 
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WAVEFORMS 
READ CYCLE 


1H 
RAS Oo 

. ® Stee 

tosH 
ew tag se Lad 

Vin ay : ; 

Vv, 

IL 
ae =A CAS mote ta co 

tasr tran: >| aaa tise b= CAH 
MH 3 


) row COLUMN 
cela: oN ADDRESS \ ADDRESS | 
IL . NS 


Dout 


RAS 


tesH 


oe to Le a a! 


as SINAN LLL 


<«—___——_ tcp ——_> 


tasa | Ra tasc <>! 
V 
1H 


ROW COLUMN 
ADDRESSES CE) .@ 4E i>. Gann 
Vv ae 


——_—_—_— 
Vin 
cs 
Vin 
WE 
Vin 
Vin 
Ow 
Vit 
; ‘<.¢ ———— — 
OFF 
von A® 
X HIGH IMPEDANCE (s) 


Dout Vo f @) 


(See page 2-44 for notes) 
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1 
A.C.CHARACTERISTICS"J 
Ta = 0° to 70°C, Vpp=12V +10%, Vec=5V +10%, Vgg=-5V +10%, Vgs=0V,unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 


Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit 
fave Read Modify Write Cycle Time!2! 3500 | 45 fw 575 

ice RMW Cycle CAS Width 315 ns 
trrw RMW Cycle RAS Width 330 390 450 ns 
tRWi RMW Cycle RAS Lead Time ns 


a] 
” 


rs 


Notes: 1. All voltages referenced to Vss. 
2. The minimum cycle timing does not allow for ty or skews. 


WAVEFORMS 
READ-MODIFY-WRITE CYCLE 


‘awe — 
bee tgaw ——__-____—___—__» tap — 
Vv 
— Vin 
aS ON® 
i 
| « towH — <«— tcegp——> 
<+— tac. tcrw 


+ tcac er! 


Vv HIGH 
5 on GB) IMPEDANCE VALID 
OUT (4) DATA OUT 


Notes: 1,2. ViHMIN and Vi_LMA.x are reference levels for measuring timing of input signals. 
3,4. VOHMIN and VoLMAx are reference levels for measuring timing of DouT. 
5. In a write cycle DQuUT latch will contain data written into cell. In a read-modify-write cycle Doyt latch will contain data 
read from cell. If WE goes low after CAS and prior to tcAc,OOuT is indeterminate. 
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TYPICAL CHARACTERISTICS 


TYPICAL Igg2 AND Ipp2 
VS. TEMPERATURE 


TYPICAL Igg2 AND Ipp2 
VS. CYCLE TIME 


TYPICAL ACCESS TIME 
VS. TEMPERATURE 


Vpp = 12.0V 
Vep = -5.0V 
Ta = 25°C 
tcas = 165ns 


trcL = 80ns 


Ipp2 (mA) 


Ipp2 (uA) 
Ipp2 (mA) 


TEMPERATURE (°C) 


APPLICATIONS 


ADDRESSING 


Two externally applied negative going TTL clocks, Row 
Address Strobe (RAS), and Column Address Strobe 
(CAS), are used to strobe the two sets of 6 addresses into 
internal address buffer registers. The first clock, RAS, 
strobes in the six low order addresses (Ao-As) which 
selects one of 64 rows and begins the timing which 
enables the column sense amplifiers. The second clock, 
CAS, strobes in the six high order addresses (A6-A11) to 
select one of 64 column sense amplifiers and Chip Select 
(CS) which enables the data out buffer. 


An address map of the 2104A is shown below. Address “0”” 


corresponds to all addresses at Vi,. All addresses are 
sequentially located on the chip. 


2104A Address Map 


ARRAY 
(DATA IN) 


ROW DECODER 


SENSE AMPLIFIER 


COLUMN DECODER 


DATA CYCLES/TIMING 


A memory cycle begins with addresses stable and a 
negative transition of RAS. See the waveforms on page 4. 
It is not necessary to know whether a Read or Write cycle 
is to be performed until CAS becomes valid. 


Note that Chip Select (CS) does not have to be valid until 
the second clock, CAS. It is, therefore, possible to start a 
memory cycle before it is known which device must be 
selected. This can result in a significant improvement in 
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Tovc ie (ns) 


Ipp2 (uA) 
tRAC (ns) 


TEMPERATURE (°C) 


system access time since the decode time for chip select 
does not enter into the calculation for access time. 


Both the RAS and CAS clocks are TTL compatible and do 
not require level shifting and driving at high voltage MOS 
levels. Buffers internal to the 2104A convert the TTL level 
signals to MOS levels inside the device. Therefore, the 
delay associated with external TTL-MOS level converters 
is not added to the 2104A system access time. 


READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during CAS. The output pin of a selected device 
will unconditionally go to a high impedance state 
immediately following the leading edge of CAS and 
remain in this state until valid data appears at the output at 
access time. The selected output data is internally latched 
and will remain valid until asubsequent CAS is given to the 
device by a Read, Write, Read-Modify-Write, CAS only or 
Refresh cycle. Data-out goes to a high impedance state for 
all non-selected devices. 


Device access time, tacc, is the longer of two calculated 
intervals: 


1. tacc =trac OR 2. tacc =trei ttr + tcac 


Access time from RAS, trac, and access time from CAS, 
tcac, are device parameters. Row to column address 
strobe lead time, trci, and transition time, tr, are system 
dependent timing parameters. For example, substituting 
the device parameters of the 2104A-4 and assuming a 
TTL level transition time of 5 ns yields: 


3. tacc = trac = 300ns for 80 nsec < trcL S 130Nnsec 
OR 
4. tacc=trc_ttrt+tcac=trc_t+170ns for trcL>130ns. 


2104A FAMILY 


Note that if 80 nsec<trc_<130 nsec, device access time is 
determined by equation 3 and is equal totrac. IftrcL>130 
nsec, access time is determined by equation 4. This 50ns 
interval (shown in the trci inequality in equation 3) in 
which the falling edge of CAS can occur without affecting 
access time is provided to allow for system timing skew in 
the generation of CAS. This allowance for a trci skew is 
designed in at the device level to allow minimum access 
times to be achieved in practical system designs. 


WRITE CYCLE 


A Write Cycle is generally performed by bringing Write 
Enable (WE) low before CAS. Dour will be the data written 
into the cell addressed. If WE goes low after CAS and prior 
to tcac, Dour will be indeterminate. 


READ-MODIFY-WRITE CYCLE 


A Read- -Modify-Write Cycle is performed by bringing 
Write Enable (WE) low after access time, trac, with RAS 
and CAS low. Data in must be valid at or before the falling 
edge of WE. Inaread-modify-write cycle Doutis data read 
and does not change during the modify-write portion of 
the cycle. 


CAS ONLY (DESELECT) CYCLE 


In some applications, it is desirable to be able to deselect 
all memory devices without running a regular memory 
cycle. This may be accomplished with the he 2104A by per- 
forming a CAS- Only Cycle. Receipt of a CAS without RAS 
deselects the 2104A and forces the Data Output to the 
high-impedance state. This places the 2104A in its lowest 
power, standby condition. Ipp will be about twice Ipp 1 for 
the first cycle of CAS- -only deselection and Ipp ; for any 
additional CAS- -only cycles. The cycle timing and CAS 
timing should be just as if a normal RAS/CAS cycle was 
being performed. 


CHIP SELECTION/DESELECTION 
The 2104A is selected by driving CS low during a Read, 


| RAS/CAS CYCLE CAS ONLY CYCLE | 
0 100 200 300 400 500 600 700 800 900 1000(ns) 


(mA) 


TYPICAL SUPPLY CURRENTS VS. TIME 
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Write, or Read-Modify-Write cycle. A device is deselected 
by 1) driving CS high during a Read, Write, or Read- 
Modify-Write cycle or 2) performing a CAS Only cycle 
independent of the state of CS. 


REFRESH CYCLES 


Each of the 64 rows internal to the 2104A must be 
refreshed every 2 msec to maintain data. Any data cycle 
(Read, Write, Read-Modify-Write) refreshes the entire 
selected row (defined by the low order row addresses). 
The refresh operation is independent of the state of chip 
select. It is evident, of course, that if a Write or Read- 
Modify-Write cycle is used to refresh a row, the device 
should be deselected (CS high) if it is desired not to 
change the state of the selected cell. 


RAS/CAS TIMING 


The device clocks, RAS and CAS, control operation of the 
2104A. The timing of each clock and the timing 
relationships of the two clocks must be understood by the 
user in order to obtain maximum performance in a 
memory system. 


The RAS and CAS have minimum pulse widths as defined 
by tras and tcas respectively. These minimum pulse 
widths must be maintained for proper device operation 
and data integrity. A cycle, once begun by driving RAS 
and/or CAS low must not be ended or aborted prior to 
fulfilling the minimum clock signal pulse width(s). A new 
cycle must not begin until the minimum precharge time, 
trp, has been met. 


PAGE MODE OPERATION 


The 2104A is designed for page mode operation and is 
presently being characterized for that mode. Specifica- 
tions will be available at a later date. 


POWER SUPPLY 


Typical power supply current waveforms versus time are 
shown below for both a RAS/CAS cycle and a CAS only 
cycle. Ipp and Ippg current surges at RAS and CAS edges 
make adequate decoupling of these supplies important. Due 
to the high frequency noise component content of the cur- 
rent waveforms, the decoupling capacitors should be low 
inductance, ceramic units selected for their high frequency 
performance. 


It is recommended that a 0.1 uF ceramic capacitor be con- 
nected between Vpp and Vsgg at every other device in the 
memory array. A 0.1 uF ceramic capacitor should also be 
connected between Vgpp and Vsgg at every other device 
(preferably the alternate devices to the Vpp decoupling). 
For each 16 devices, a 10 uF tantalum or equivalent capaci- 
tor should be connected between Vpp and Vsg near the 
array. An equal or slightly smaller bulk capacitor is also 
recommended between Vgp and Vsg for every 32 devices. 


A 0.01 uF ceramic capacitor is recommended between Vcc 
and Vsg at every eighth device to prevent noise coupling to 
the Vcc line which may affect the TTL peripheral logic in 
the system. 


2104A FAMILY 


Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribution 
system on the array board should be minimized. It is 
recommended that the Vpp, Vgp, and Vss supply lines be 


gridded both horizontally and vertically at each device in 
the array. This technique allows use of double-sided circuit 
boards with noise performance equal to or better than 
multi-layered circuit boards. 


Din DouTt 


Din Pout 


DECOUPLING CAPACITORS 
D = 0.1uFtoVpp TOVss 
B = 0.1uF Veg TOVSs 


C 


0.01 uF Vcc TO Vss 
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intel 2107A 
4096 x 1 BIT DYNAMIC RAM 


Product 2107A-1 | 2107A | 2107A-4 | 2107A-5 


Access Time| 280ns | | 350ns | 420 ns 


= Low Cost Per Bit " Address Registers 
" Low Standby Power Incorporated on the Chip 


= Easy System Interface = Simple Memory Expansion: 


" Only One High Voltage Chip Select Input res 
Input Signal—Chip Enable * Fully Decoded: On Chip 


= Low Level Address, Data, Address Decode 
Write Enable, Chip = Output is Three State and 


Select Inputs TTL Compatible 
=" Ceramic and Plastic 22-Pin DIPs 


The Intel 2107A is a 4096 word by 1 bit dynamic'n-channel MOS RAM. It was designed for memory applica- 
tions where very low cost and large bit storage are important design objectives.. The 2107A uses dynamic 
circuitry which reduces the operation and standby power dissipation. 


Reading information from the memory is non-destructive. Refreshing is accomplished by performing one read 
cycle on each of the 64 row. addresses. Each row addréss must be refreshed every two milliseconds. The 
memory is refreshed whether Chip Select is a logic one or a logic zero. 


The 2107A is fabricated with n-channel silicon gate technology. This technology allows the design and produc- 
tion of high performance, easy to use MOS circuits and provides a higher functional density on a monolithic 


chip than other MOS technologies. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
2107A 21074 
. hy <0 bo 
A, ° =0 Voc 
a; o—e| ROW DECODE "ARRAY. ea 
- REGISTER “aa ~~ Me 


TIMING 
CONTROL 
GENERATOR 


64 
COLUMN 
AMPLIFIERS 
ae 
COLUMN DECODE sf - 
: and 
BUFFER REGISTER 


Sour Ae Ay Be Ae Ag Any 


PIN NAMES D, 


“AgAT ADDRESS INPUTS* _ 
[We —wrrre enasue 
[on setcct J nono connecTeD | 


“Refresh Addresses Ag-As. 


442 
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a i SS SS SSS aaa 


Absolute Maximum Ratings* 


Temperature Under Bias 0... ee teen eee eee ees - 0°C to 70°C 
Storage Temperature 20... eee eee ene eee eee —65°C to +150°C 
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vag ....---- eee ee eee +25V to —0.3V 
Supply Voltages Vpp, Vcc, and Vsg with Respect to Vag... .-- ee eee eee ee ee et ttt ee +20V to —0.3V 


Power Dissibation: o.ccnd 6 oak Seed dice eo S4 Oe RE SOR Oe He Oe Se Rae oe hig a as BS Se Re tees 1.0W 


*COMMENT: 

Stresses above those listed under ‘Absolute Maximum Ra tings'' may cause permanent damage to the device. This is a stress ra ting 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification isnot implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 


Ta = 0°C to 70°C, Vpp = +12V + 5%, Voc = +5V + 5%, Veg!'] = -5V + 5%, Vsg = OV, unless otherwise notes. 


Limits 
Symbol Parameter Conditions 
hy Input Load Current A Vin = Vit min to Vin mMAx 


(all inputs except CE) 


lic Input Load Current 
lILo| Output Leakage Current .01 
for high impedance state 
Ipp1 Vpp Supply Current 
during CE off(3! 
lpp2 Vpp Supply Current 
during CE onI5] 
lbp av. | Average Vpp Supply (See Table 1) Ta = 25°C, Fig. 1,3 
Current 
lcc1 Vec Supply Current A CE = -1V to +.8V 
during CE off 
lcc2 Vec Supply Current 
during CE on 
Icc AV Average Vcc Supply (See Table 1) 
Current 


vn [sttowvonst [ao [| 08 

ed 

vie | cetnmttow vari 10 [| 80 

1 oo | fos 
bd 


VoH Output High Voltagel4! 


NOTES: 


1. The only requirement for the sequence of applying voltage to the device is that Vpp, Vcc, and Vss should never be .3V or more 
negative than Vep. 

. Typical values are for Ta = 25°C and nominal power supply voltages. 

. The Ipp and Icc currents flow to Vgs. The Igg current is the sum of all leakage currents. 

Referenced to Vss unless otherwise noted. 

. For 2107A-4 and 2107A-5 Ipp2 is 25mA max. 


> 


Vin = Vit min to Vin max 


> 


CE =-1V to +.8V or CS = 3.5V, 
Vo = OV to 5.25V 


Le 


LA CE =-1V to +.8V 


CE=V, 


= ) 
IHC’ T, =25 °C 


8 
Nn 
3 

> 


‘= 


Be 
> 


‘teas rol ° 
CE = Vince Tay = 25 C 


Ta = 25°C, Fig. 2,4 


o) 
S 
: 


loc = 1.7mA, Fig. 6 


lon = -100UA, Fig. 5 


Qhwn 
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A.C. Characteristics 1, = 0°c to 70°C, Vy, = 12V +5%, Veo = 5V + 5%, Vag = -BV + 5%, 
READ, WRITE, AND READ MODIFY/WRITE CYCLE \g = OV, unless otherwise noted. 


2107A 2107A-1 2107A-4 2107A-5 


| Max. | Min. | Max. 
oe a ce ee 


Symbol Parameters 
trer!1] | Time Between Refresh 
tac Address to CE Set Up Time 
taH Address Hold Time 

tcc CE Off Time 

tr CE Transition Time 


CE Off to Output 
High Impedance State 


r+ 
O 
Tl 


—, 
(o>) 
oo] 


READ CYCLE 
Symbol Parameters 
trcy [2] | Read Cycle Time 
tcer CE On Time During Read 280 3000 | 280 
tco CE Output Delay 


f£ 
NO 
=) 
OI 
~~ 
=) 


NO 
© 
>] 
.e) 
oi 
Oo 


NO 
© 


tacc!3] | Address to Output Access 


WRITE CYCLE 
Symbol Parameters 


twcy!2] | Write Cycle Time 


SN 
aR 
fen) 


cen CE Width During Write 480 410 | 3000 | 600 | 3000 | 680 | 3000 
| Din Hold Time | 


Bi 
| 
Oo 


toH Din Hold Time 
twp WE Pulse Width 
tww [5] WE Wait 

twc WE to CE On 


Capacitance !® 1, = 25°c 


Plastic And 
Symbol Test Ceramic Pkg. Conditions 
Typ. Max. 
Cap Address Capacitance, CS, WE, Din Vin = Vss 
Coe CE Capacitance 17 25 Vin = Vss 
Court Data Output Capacitance Vout = OV 
Notes: 1. For plastic 2107A-4 and 2107A-5 trer = ImS. 


1 
2. tT = 20ns 

3. CLOAD = 50 pf; Load = 1 TTL; Ref = 2.0V for high, 0.8V for low: tacc = tac +tco +1 tr. 
4. tcp applies only when tw>tcEew -5Ons. 

5. The 2107A and 2107A-1 should not be operated with tyy in the 50 to 170 ns range. 

6. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation 


IAt 
C = —- with the current equal to a constant 20mA. 
AV 


Units 


Units 


D.C. Characteristics 


FIGURE 1 


lbp AVERAGE VS. TEMPERATURE 


40 
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FIGURE 2 
loc AVERAGE VS. TEMPERATURE 


TYPICAL 


T, (°C) 


g 
N 3.0 N 
2 z 
= s 
= ec 
= o 
ra) Q 2 
2 z2 
3S e) 
> i, > 
Zz 20 < ——_ 
J =) 
a —_ 
tow * MIN. 
1.0 
0 25 50 70 
7, CC} 
FIGURE 3 FIGURE 4 


TYPICAL Ipp AVERAGE VS. CYCLE TIME 


tcew = 3Hs 
tcew = 'Hs 
= 480ns 


Inp AVG. (mA) 


4 2 3.4.5 1 2 345 10 203040 100 


Toycle (us) 


FIGURE 6 
TYPICAL lot VS. VoL 


lor (mA) 


Voz (volts) 


TYPICAL Icc AVERAGE VS. CYCLE TIME 


log AVG. (mA) 


tree (ms) 


Table 1. Ippay and Iccay Characteristics. 


Product 
2107A 
2107A-1 
2107A-4 
2107A-5 


Ippav (Typ) 


Ippav (Max) 


4 2.23.45 1 2345 10 20 30 


Teyele (us) 


FIGURE 7 


TYPICAL REFRESH VS, TEMPERATURE 
1000 


Ty (°C) 


lccav (Typ) 


2-51 


IccaAV (Max) 


FIGURE 5 
TYPICAL Ion VS. Vou 


lon (mA) 
r=) 


~T spec: 
“100A, 2.4V 
0 
1 


0 


2 3 4 6 


Von (volts) 


FIGURE 8 
TYPICAL ACCESS TIME VS. TEMPERATURE 


Teo (ns) 


480ns 
410ns 
600ns 


2107A FAMILY 


Read Modify Write Cycle 


Symbol Parameters | _Min. | Max. | Min. | Max. | Min. [ Max. | Min. | 


trwcl1] Read Modify Write (RMW) 840 670 970 
Cycle Time 


w | Wewceor | a0 | | a0 | a0 | | a0 | 


Notes: 1. tt = 20ns 


2. tCRW - tw = tco 
3. CLOAD = 50 pf; Load = One TTL Gate; Ref = 2.0V for High, 0.8V for low; tacc =tacttcot1TTL 


tawe ——__--——_—_ 


: @ 
ADDRESSE 
AND ES 4 ADDRESS STABLE » ADDRESS CAN CHANGE 
G) 
L 
| 


! 
tac” ete 


< 


<4 


a re tan —_—— 


-tcrw ee ~e-—— ty ty —» << $——— 


Vine 7 


CE 


two 


~ 


WE CAN 
CHANGE 


Mu Me 
y 


Dy STABLE 


Din Dy CAN CHANGE 4 
Vin 


Vou a enor bs ow ae ae ee ee es oe ow 
mot “ipeoance \ Jr [ves “webace z' 
CE 
VoL i (ee me Ne ae ee 
tacc ba tor 


NOTES: 

. Vsgg + 1.5V is the reference tevel for measuring timing of the address CS, WE, and DOIN. 
. Vgg + 3.0V is the reference level for measuring timing of the address, CS, WE, and DIN. 
. Vgs + 2.0V is the reference level for measuring timing of CE. 

- Vpop -2V is the reference level for measuring timing of CE. 

- Vgg + 2.0V is the reference level for measuring the timing of DgyT. 
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2107A FAMILY 


Read and Refresh Cycle ""! 


seit . trey - eee = 
Vin 
MND Ge d ADDRESS STABLE » ADDRESS CAN CHANGE ADDRESS STABLE 
Vin 
<«-——ty 
‘ac + 

Vine 

CE 
Vic : : 

tcc 

Vin , ; 

__ WE s 

WE CAN 

CHANGE 
Vie 
2 e— 'we 

Voy = on oe = om = oe —_ ep a a= sum 
a HIGH HIGH | 
DouT “— imPEDANCE ~ IMPEDANCE 

<——-- ————---— tace --—-——- oe - tor 


Write Cycle 


Min 


ADDRESS 


ADDRESS ( 
STABLE 


AND CS 


ADORESS STABLE 


ADDRESS CAN CHANGE 


CE 


Vitec 


We 
We CAN WE CAN CHANGE 
CHANGE 
Vit | 


Vin 
D CAN CHANGE Dy STABLE O1n 
IN Pn 4 m P CAN CHANGE 
Mt 
Vv, — =~ ow = a ow =n om aw ow = = 


‘OH 
—— HIGH HIGH 
Dao é en 
OUT “IMPEDANCE UNDEFINED IMPEDANCE 
t 


CF 


NOTES: For Refresh cycle row and column addresses must be stable before tac and remain stable for entire tAH Period. 
Vsg + 1.5V is the reference level for measuring timing of the addresses, CS, WE, and Din. 

Vss + 3.0V is the reference level for measuring timing of the addresses, CS, WE, and Dyy. 

Vss + 2.0V is the reference level for measuring timing of CE. 

Vop -2V is the reference level for measuring timing of CE. 


Vss + 2.0V is the reference level for measuring the timing of DoyT. 


cal ae 


2107B 


4096 BIT DYNAMIC RAM 


Access Time 
Read,Write Cycle 
RMW Cycle 


Low Cost Per Bit 

Low Standby Power 

Easy System Interface 

Only One High Voltage 

Input Signal — Chip Enable 

TTL Compatible — All Address, Data, 
Write Enable, Chip Select Inputs 


Refresh Period—2ms for 2107B, 
2107B-4, 1ms for 2107B-5 @70°C 


21078-5 
r200ns | 270ns 


300ns 
590ns 


rat Registers Incorporated on the 
ip 

Simple Memory Expansion — Chip Select 
Input Lead 

Fully Decoded — On Chip Address 
Decode 

Output is Three State and TTL Compatible 
Industry Standard 22-Pin Configuration 


The Intel'2107B is a 4096 word by 1 bit dynamic n-channel MOS RAM. It was designed for memory applications where 
very low cost and large bit storage are important design objectives. The 2107B uses dynamic circuitry which reduces the 


standby power dissipation. 


Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read 
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is re- 


freshed whether Chip Select is a logic one or a logic zero. 


The 21078 is fabricated with n-channel silicon gate technology. This technology allows the design and production of 
high performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other 
MOS technologies. The 2107B uses a single transistor cell to achieve high speed and low cost. It is a replacement for 
the 2107A. 


PIN CONFIGURATION 
21078 


LOGIC SYMBOL 
2107B 


Ves ' LJ Vss 
a, C)2 ary 
A, C3 any 
Any 4 pA 
cs Cys meer 
Dd, C16 7) ce 
Oour C7 J NC 
A, C48 ar 
A, 9 tJ Ag 


= 
—- oo 


PINNAMES — 


Ay-A;, ADDRESS INPUTS* | Vg,  —- POWER (-5V) 
CHIP ENABLE Veco POWER (+5V) 
CHIP SELECT POWER (+12V) 
Dy -«: OATA INPUT GROUND 


Dour DATA OUTPUT 
NOT CONNECTED 
*Refresh Address Ag-As.- 


WRITE ENABLE 
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cE 


BLOCK DIAGRAM 


een «oo Vo 
ROW DECODE MEMORY 20 Vic 
——— ” 
: and BUFFER ARRAY =< Vss 
, REGISTER ere +0 \yp 
O-_> 
t 6s 
TIMING 
— COLUMN 
oe AMPLIFIERS 
GENERATOR 
64 
COLUMN DECODE 
and 
Or BUFFER REGISTER 


> O) O O 
Dour Ag Ar Ag Ag Aig Ary 


2107B FAMILY 


Absolute Maximum Ratings* 


Temperature Under Bias ..... 0... ee De ek Gs es on hag he een detad iden dane bck 0°C to 70°C 
Storage Temperature 9... —65°C to +150°C 
All tnput or Output Voltages with Respect to the most Negative Supply Voltage: Vege. 4 ena sehen lech he Op aide +25V to —0.3V 
Supply Voltages Vpp. Vcc, and Vgg with Respect to Vag... 0... ee Paci eenete +20V to —0.3V 
POW DISSIDAtlOND 625 ce so Sates dete 3 Poatrapn's 3p Hale tog Uh aes he de Sle ted ima Me ow 4 acd Tost Se, 3h Meee en ea hictes Succ BR ae ah ae eh 1.25W 
“COMMENT: 


Stresses above those listed under ‘Absolute Maximum Ra tings'' may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for ex tended periods ma y affect device reliability. 


D.C. and Operating Characteristics 
Ta= 0°C to 70°C, Vop = +12V +5%, Voc = t5V 410%, Vea? = —5V 15%, Vog = OV, unless otherwise noted. 


Symbol Parameter Unit Conditions 


Vin = Vir min to Vin max 
CE = Vitc or Vic 


Input Load Current 
(all inputs except CE) 


‘= 
> 


lic Input Load Current Vin = Vir min to Vin max 


CE = Vitc or CS = Vin 
Vo = OV to 5.25V 


= 
> 


llLo| Output Leakage Current 
for high impedance state 


Pe. 
es 
@ 
i 
a 
S nN 
S| . 
oO 
r 
> 


Vop Supply Current 


loo during CE off(3] 110 uA | CE=-1V to +.6V 

lpp Av Average Vpp Current Le | CS= Vir: Ta = 25°C: Min cycle time, 
_ Min tcg 

loc, [41 narra pf om fw | aa CE = Vitc or CS = ViH 


NOTES: 

1. The only requirement for the sequence of applying voltage to the device is that Vpp. Vcc. and Vss should never be .3V or more 
negative than Veg. 

. Typical values are for Ta = 25°C and nominal power supply voltages. 

. The Ipp and Icc¢ currents flow to Vgg. The Igg current is the sum of all leakage currents. 

- During CE on Vcc supply current is dependent on output loading, Vcc is connected to output buffer only. 


Maximum Ipp 4 for 2107B-5 is 250 uA. 
During CE high a current of 0.5mA typical, 1.5mA maximum will be drawn from any address pin which 
is switched from tow to high. 


An &BwWH 
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2107B FAMILY 


A.C. Characteristics 1, = 0°c to 70°C, Vop = 12V # 5%, Voc = 5V 10%, Vee = -5V + 5%, 
READ, WRITE, AND READ MODIFYMRITE CYCLE V¢g = OV, unless otherwise noted. 


Symbol frame | Fae ee 7 
Min. | Max. | Min. | Mex. | Min. | Max. | 
in| ceTensiiontine | 10 | « | wo | a | wo | 40 [ nm 
[Mertens f° | ot? f fet pt 
High Impedance State 
READ CYCLE 
WRITE CYCLE 


Capacitance’?! 1, - 25°c 


Symbol Test 


Plastic And 
Ceramic Pkg. Conditions 
Cao Address Capacitance, CS ae ee pF 


Cce CE Capacitance 17 25 


Court Data Output Capacitance pF Vout = OV 


Notes: 1. If WE is low before CE goes high then Djyy must be valid when CE 3. tac is measured from end of address transition. 
goes high. 4. ty = 20ns 
2. Capacitance measured with Boonton Meter or effective capacitance 5. CLOAD = 50pF, Load = One TTL Gate, Ref = 2.0V. 
6 
7 


Vin = Vss 
Vin = Vss 


calculated from the equation. . tacc = tact tcot Itt 
IAt 
= 55° C for the 2107B-5. 


C= ay with the current equal to a constant 20mA. .t = 2ms at T 


REF A 
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2107B FAMILY 


Read and Refresh Cycle"! 


Vin 


ADDRESS 


AND CS ADDRESS CAN CHANGE Q@) 


ADDRESS STABLE 


ty 


cE 


__ WE 
WE CAN 
CHANGE 


two 


VOH = om oe — a = a am ew ow a= aw 


HIGH 


HIGH 
Dour <- IMPEDANCE IMPEDANCE 


cr 


Write Cycle 


Vin 


ADDRESS 
AND CS 


Vic 


ADDRESS STABLE 


ty 


We 


CE 


WE CAN CHANGE WE CAN CHANGE 


Ow Pwememer aie Bb: (cae 
Vie 


Yu ® 77 2 e2rnw = == ap a ae ap 
<—— HIGH HIGH 
Dout *— impEDANCE IMPEDANCE \ 


‘cr 


For Refresh cycle row and column addresses must be stable before tac and remain stable for entire ta}, period. 
Vit. MAX is the reference level for measuring timing of the addresses, CS, WE, and Dyn. 

Vity MIN is the reference level for measuring timing of the addresses, CS, WE, and Diy. 

Vss +2.0V is the reference level for measuring timing of CE. 

Vop -2V is the reference level for measuring timing of CE. 

Vsg +2.0V is the reference level for measuring the timing of DoyT. 

During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high. 


NOTES: 


ea fe aN 


2107B FAMILY 


Read Modify Write Cycle" 


— uae | Min, | Max. | Min. | Max. | 
tawic Read Modify Write (RMW) = 750 


2107B-5 


iN) 
=a) 
° 
SI 
i 
N 
—_ 
° 
SI 
ad 
> 


Unit 


ns 


Cycle Time 


‘ 


ow 
=) 
=) 
i=) 
=) 
77) 


tpoH Din, Hold Time it 0 | ns 
tco CE to Output Delay 250 ia. 280 ns 
tacc Access Time 200 270 300 ns 
(tacc = tac + tco + Itt) 
tawe (1) 
Mun 
ADDRESSES 


AND CS 
Mi 


Vin 


CE 


WE CAN 
CHANGE 


HIGH | 
IMPEDANCE 


Ba <= HIGH 
OUT “IMPEDANCE 
tacc 


NOTES: 


1. Minimum cycle timing is based on tz of 20ns. 

2. Vi_ MAX is the reference level for measuring timing of the addresses, CS, WE, and Din. 
3. Vin MIN is the reference level for measuring timing of the addresses, CS, WE, and Din. 
4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vpp -2V is the reference level for measuring timing of CE. 
6 
7 
8 


. Vgg +2.0V is the reference level for measuring the timing of DoyT. CLOAD = SOpF. Load = One TTL Gate. 
. WE must be at Vj until end of tco. 
. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high. 
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Typical Characteristics 


Fig. 2. TYPICAL Ipp AVERAGE VS. CYCLE TIME 


> 
< 
8 q 
> 
N a 
q 8 
< x: 
x 
[o) 
2 
Ts Ce Tey (ns) 
Fig. 4. TYPICAL Vj, MAX VS. CE RISE TIME 
E z 
= 3 
9 $ 
N a 
a = 
= 2 
c > 
° 
z 


20 

le = 10 

(mA) 0 
2.0 
1.5 

NORMALIZED 
lob 1.0 - Ipp2 TYPICAL 

0.5 
0 


20 
lbp 10 
(mA) 0 
-10 


For additional typical characteristics and applications information please refer to Intel Application Note AP-10, ““Memory System Design 
With the Intel 2107B 4K RAM” or Intel’s Memory Design Handbook. 
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2108-2 AND 2108-4 
8192 X 1 BIT DYNAMIC RAM 


$1572,S1573 | $1626,S1627 
Max. Access Time (ns) 


| 200 
Read, Write Cycle (ns) eS 
Read-Modify-Write Cycle (ns) a) 


= 8K RAM in Industry Standard 16 Pin m Only 64 Refresh Cycles Required Every 2 


Package ms 

m@ Low Standby Power @ On-Chip Input Latches 

@ All Inputs Including Clocks TTL Com-  & Output is Three-State, TTL Compatible; 
patible Data is Latched and Valid into Next Cycle 


= Standard Power Supplies +12V,+5V,-5V  @ Fully Compatible with 4K and 16K 
Dynamic RAMs 


The Intel®2108 is a 8K Dynamic MOS RAM organized as 8192 words by 1 bit. The 2108 employs the same masks and highly 
reliable, production-proven two layer polysilicon N-MOS technology as the Intel® 2116 16K RAM. As shown in the block 
diagram below, the 2116 is organized as two 8K RAMs on a single silicon die. Each of these 8K RAMs contains its own row 


decoders, sense amplifiers, and storage cells. The 2108 is fully tested to insure that one 8K RAM meets all AC and DC spec- 
ifications. 


The 2108 is available as either the upper or lower half of the 2116. Address Ag selects the operating half. For $1572 or 
$1627, Ag should be high (Vj) during row address strobe (RAS). For $1573 or $1626, Ag should be low (Vj,_) during RAS. 
The use of the Intel® 3242 Address Multiplexer/Refresh Counter with a 2108 is described on page 2-66. The 2108 is pack- 
aged in the industry standard 16-pin DIP which is compatible with widely available automated handling equipment and facili- 
tates easy upgrading from 2104A-type 4K RAM Systems and up to 2116-type 16K RAM Systems. 

As in the 2104A-type 4K RAM and 2116-type 16K RAM, the 2108 has non-critical clock timing requirements which allow use 
of addressing multiplexing while maintaining high performance. Three methods of refreshing are permissable; they are de- 
scribed in the applications section of this data sheet. 


The 2108 will provide the same reliable operation in its system usage as any Intel product. Information on the details of 
reliability tests performed on the 2108 and field data on the use of partial devices are available from Intel Corporation. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
PIN SCTREETION 
\ron\) SESE 
| eo 
EBERT 


GZ 


¥ Z 
Yon 
GSENIEG 


DECODERS] [7% y, 


(i ROW COLUMN +—Vep 
LATCHES LATCHES +—Vop 


$1572 


Se aF (AGH) = 
«—— GND 
ADDRESS BUS 
= PIN NAMES - cLOcK — ae 
Ay-Ag ADDRESS INPUTS — WE WRITE ENABLE RAS 21 ae) Arar ano O04 
CAS COLUMN ADDRESS STROBE | Vpg POWER(-5V) | 


DATA IN Veg POWER (+5V) | 
SD ATAOUT Yoo. HOMER tay _ WE DATA 
ROW ADDRESS STROBE Vgs GROUND WE LATCH ay 

tear Soc a Dyy—>| LATCH 
*S1572 & $1627: A, SHOULD BE AT V,, DURING RAS 


$1573 & S1626: Ag SHOULD BE AT Vv, DURING RAS 
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2108-2 AND 2108-4 
ee eSeSesesesesesesFSeF 


Absolute Maximum Ratings* 


"COMMENT: 
Ambient Temperature Under Bias ........ -10°C to +80°C Stresses above those listed under “Absolute Maximum Ratings” 
Storage Temperature aay ee ee eee -65°C to +1 50°C may Cause permanent damage to the device. This is a stress rating 


i ‘ only and functional operation of the device at these or any other 

Voltage on any Pin Relative to Vgg conditions above those indicated in the operational sections of this 
(Vss - Veg 2 4V) 2. we ee ee ee eee -0.3V to +20V Specification is not implied. Exposure to absolute maximum rating 

Power Dissipation Pa OR eR St tt eee ee ee eS 1.25W conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 1) .[2! 
Ta =0°C to 70°C, Vpp = +12V +10%, Veco = +5V +10%, Vag = -5V 410%, Vsg = OV, unless otherwise noted. 


Symbol Parameter | min. | Typ.3) | Conditions 
bey Input Load Current (any input) ff tf pa Vin = Vit min to Vin max 
rol Output Leakage Current A Chip deselected: RAS and CAS at Vj, 
re for high impedance state 2 Vout = 0 to 5.5V 
cycle. Chip deselected prior to 

'BB1 Vee Supply Current pt | 50 | uA measurement. See Note 5. 

53 mA | 2108-2 teyc=350ns | TA=25C 

[4] Device 

lpp2 Operating Vpp Current <cleerad 
IpB2 Operating Vgp Current 120 400 LA Device selected 


[7] Vcc Supply Current when 


| 
ccl deselected 


—_ 
oO 


Vit Input Low Voltage (any input) 
Input High Voltage (any input) 2.4 
VOL Output Low Voltage lot = 4.1 mA (Read Cycle Only) 


= -5 mA (Read Cycle Only) 


= 
=z 
NO 
& 
2) OQ 
i a 


oy 
= 


VoH Output High Voltage 


Capacitance !8! 1, = 25°c, Vpp = 12v +10%, Voc = 5V 10%, Veep = -5V 10%, Vsg = OV, unless otherwise noted. 


Symbol Typ. Conditions 


1. All voltages referenced to Vgg. No power supply sequencing is required but Vop. Vcc. and Vsg should never be 0.3V or more negative than VBB. 
2. To avoid self-clocking, RAS should not be allowed to float. 
3. Typical values are for Ta = 25°C and nominal power supply voltages. 
4. For RAS-only refresh Ipp = 0.78 Ippz. For CAS-before-RAS (64 cycle refresh) Ipp = 0.96 Ipp2. 
5. The chip is deselected (i.e., output is brought to high impedance state) by CAS-only cycle or by CAS-before-RAS cycle. The current flowing 
in a selected (i.e., output on) chip with RAS and CAS at Viy is approximately twice pp}. 
6. See Page 2-62 for typical Ipp characteristics under other conditions. 
7. When chip is selected Vcc supply current is dependent on output loading; Vcc is connected to output buffer only. 
8. Capacitance measured with Boonton Meter. 


2108-2 AND 2108-4 


TYPICAL CHARACTERISTICS Standby Power Calculations: 


Ipp2 AND Ipp2 VS. TEMPERATURE 


Prer = Pop no = + Pop (1- N= el where 


80 


Pop = Power dissipation — continuous operation = Vpp x !pp2- 


Vou = 120 N = Number of refresh cycles (64). 
60 Veg = -5-5V 
teycre = 500 ns tcyc = Cycle time for a refresh cycle. 
_ tap = 150 ns " 
£ “ i $ tref = Time between refreshes 
3 3 Psp = Standby power dissipation = Vpp x Ipp1 + 'Vep!x Ipg 
Note that Ipp2 depends upon refresh as follows: 
20 
1. For (RAS before CAS) use Ipp2 from Figures 1 and 2. 
‘ 2. For (CAS before RAS) multiply Ippz determined in (1) by 0.96. 
0 25 50 75 100 
3. For (RAS only) multiply Ipp2 determined in (1) by 0.78. 
TEMPERATURE (°C) 
Figure 1. Examples of typical calculations for Vag = -5.0V, Vpp = 12.0V, 
Ipp2 VS. CYCLE TIME Ta = 25°C, tcyc = 0.425 us, tras = 0.3 us. tre = 2000 ps: 
1. 128 cycle (RAS before CAS): Pop = 12.0V x 43 mA = 516 mW 
0.425 0.425 
Prer = + + 
rer = 516 (128 7000? (12x1.2+5x0.001) (1-128 2000’ 
Pref = 28.0 mW 
< ce ers 
= 2. 64 cycle (CAS before RAS); Pop = 12.0V x 43 (0.96) mA = 
# 495 mW. 
0.425 
P = 4 + + ———=) = 
REF = 495 (6 ee (12x 1.2+5x0.001) (1-64 7000) 
Pref = 20.9 mW 
20400 500 600 700 800 900 1000 3. 128 cycle (RAS only): Pop = 12.0V x 43 (0.78) mA = 402 mW 
Tevere (ns) Prep = 25.0 mW 
Figure 2. 
: ALM ke ALL 


ne SA cancers 
al tcl ERS Fu oe 


mrre fb Oph arene 
ar ae ad a, ewes 


400 600 (ns) 


-60 


0 400 600 (ns) 200 400 600 (ns) 0 200 400 600 (ns) 


CAS BEFORE RAS RAS ONLY REFRESH 
READ CYCLES READ-MODIFY-WRITE (FOR 64 CYCLE REFRESH) 


Note 1: Increase in current due to WE going low. Width of this 
current pulse is independent of WE pulse width. 


Figure 3. Supply Current Waveforms. 


2108-2 AND 2108-4 


ee 
A.C. Characteristics 
Ta=0°C to 70°C, Vpp=12V +10%, Vec=5V +10%, Vgg=-5V +10%, Vgs=OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


2108-2 2108-4 
Symbol Parameter Min. x. in. Max. Unit 
tREF Time Between Refresh 


trp RAS Precharge Time 75 

tcp CAS Precharge Time 100 

trac, |2! RAS to CAS Leading Edge Lead Time 45 
[3] 


tcRP 


s 

& 
li 

= 

5 


me 

NO] © 

ory Oo 
NO 

3 {/ 5 

nln 


~ 
ol 
[e)) 
© 
= 
= 
O 
3 

” 


CAS to RAS Precharge Time 


tRsH | RAS Hold Time 160 
TCSH CAS Hold Time 200 


a) 
wn 


NO 
LS) 
© 
3 
nr 


io) 
© 
>) 
io} 
nv 


taser Row Address Set-Up Time ns 
tasc Column Address Set-Up Time ~10 ns 
tay Address Hold Time 45 ns 


tT Transition Time (Rise and Fall) 


toFF Output Buffer Turn Off Delay 


a 
r=) 


on 
=) 
om) 
co} O1 
Oo }]O 
=) 
n 


tcac (4! Access Time From CAS 125 190 ns 


trac 4! Access Time From RAS 


READ AND REFRESH CYCLES 


N 
Oo 
O 
Ww 
© 
(a) 
=) 

7) 


Symbol Parameter Min. Max. Min. Max. Unit 
WRITE CYCLE 
Symbol Parameter Min. Max. Min. Max. Unit 


Notes: 1. All voltages referenced to VSss. 
2. CAS must remain at ViH aminimum of trcL MIN after RAS switches to ViL- To achieve the minimum guaranteed access time 
(tRAC), CAS must switch to Vy, at or before tRCL (MAX) = tRAC -tcac. Device operation is not guaranteed for tre, >2 us. 
3. The tcrp specification is less restrictive than the tcR, range which was specified in the 2108 preliminary data sheet. 
4. Load = 1 TTL and 50 pF. 
5. The minimum cycle timing does not allow for tT or skews. 
6. Referenced to CAS or WE, whichever occurs last. 


2108-2 AND 2108-4 


Waveforms 
READ CYCLE 
tey¥¢ ——$ $$$ 
tRas tre 
Vv 
RAS . @) 'cRP 
Te 
top _ 
_. Vin 
CAS 
Vie 
tasR 
a > @ cE 
ADDRESSES 
Vit ou ADDRESS ADDRESS 
trcs | trcn 
We gg } 
WE 
Vie (2) | 


———__—_ 


Dour 


| $$$ $$ tery — 
A ee ee <-—_——trp 
= = o 
By, ® car 
== es - 
Seas “cP 
Vv, a)’ pee Nok t sepiet el teed 
1H CAS 
on aS: 
Me @ 


tasR — 


V, 
ADDRESSES IH ye ROW ‘a COLUMN 
v ADDRESS x ADDRESS 
iL 


-tawe 
+ tow. 


_ ® 
WE we 
Vie ‘ 


se 


_ 


ST” aaa 


Vin \7 ‘ / 


RAC 
; ‘cac 
OFF @ 
Vou 
Dour Vv : ‘ag 
OL 
Notes: 1,2. Vin MIN and ViL MAx are reference levels for measuring timing of input signals. 


3,4. VOH MIN 4nd VoL MAx are reference levels for measuring timing of DOUT.- 
5. Dour follows Din when writing, with WE before CAS. 
6. Referenced to CAS or WE, whichever occurs last. 
7. torr is measured to lout <IILol. 
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2108-2 AND 2108-4 


A.C. Characteristics 
Ta = OC to 70°C, Vpp = 12V +10%, Vcc = 5V +10%, Veg = -5V +10%, Vg = OV, unless otherwise noted. 


READ-MODIFY-WRITE CYCLE 


2108-2 2108-4 
Symbol Parameter Min. Max. Min. Max. Unit 
tRauw Read-Modify-Write Cycle Time | 400 595 ns 
tcrw RMW Cycle CAS Width 225 3000 350 3000 ns 
tan RMW Cycle RAS Width 325 32000 ns 
tawH RMW Cycle RAS Hold Time ns 
tcwH RMW Cycle GAS Hold Time 300 | aco sdsonss 


tRwe Write Command to RAS Lead Time 200 / ons 
tcwL Write Command to CAS Lead Time P1000 160 ns 
twp Write Command Pulse Width 100 ns 


trcs Read Command Set-Up Time 
tuop Modify Time 


yo 
n 


tos Data-In Set-Up Time 
toum Data-In Hold Time (RMW Cycle) 


oO 
© 
— 
NO 
on 
=) 

nm 


Waveforms 
READ MODIFY WRITE CYCLE 
nae vi ® (2) ‘cre ——> 
a TO \N Ca pare 
tASR el tan < pasate as 


V/ 
KN 


COLUMN 
ADDRESS 


\<— aie teact 


NA YDATAIN. KA 
Mra’ KX 
jae > texe i. 


torr“! HIGH 
Dy Vou © IMPEDANCE .3) VALID 
ie (a) DATA OUT 


Notes: 1,2. Vitmin and Vitmax are reference levels for measuring timing of input signals. 
3,4. VOHMIN and VoLMAX are reference levels for measuring timing of DouT. 


5S. tOFF is measured to IguT < licol. 


yack 


2108-2 AND 2108-4 


Refresh Cycle Waveforms 


CAS BEFORE RAS CYCLES. (64 CYCLE REFRESH) 


'RAS 


Vin 
ADDRESSES 
Ay As 


Viv 


ALL OTHER INPUTS: DON'T CARE | 


RAS ONLY CYCLES (128 CYCLE REFRESH) 


feve 


teyc 


~ TRAS 


"CRP 


Vie 
ADDRESSES 


C= xX 
TEES, [\,® f\ /\ 


> <-—--—-_— tap ———_—___» 


'CH: 


VALID 


Notes: 1,2. Vinmin and Vi_maAx are reference levels for measuring timing of input signals. 


3. CAS must be high or low as appropriate for the next cycle. 


Applications Information 


The 2108 may be refreshed in any of three modes: read 
cycles with RAS before CAS timing as shown on page 5, 
RAS only cycles (page 7), or CAS before RAS cycles (page 
7). In all three modes Ags must be held high for the $1572 
and $1627 or low for the $1573 and S1626. The row 
addressed by Ao through As is refreshed. Therefore, 64 
cycles are required to refresh the stored data. 

The CAS-before-RAS mode is useful in the 2116 as a 
technique for increasing memory availability and minimiz- 
ing standby power dissipation by requiring only 64 refresh 
cycles every 2 ms. Systems employing the 2108 in a CAS- 
before-RAS refresh mode can be easily upgraded to the 
most efficient 16K RAM capability. 

Since the 2108 input pin Ae supplies two system addresses 
(Ae and Ai3) to the internal memory array, it is not possible 
to simply tie this input high or low. The 2108 input Ac 
must be tied to the appropriate level only during row address 
strobe (RAS) and then used to supply the high order sys- 
tem address A13 during column address strobe (CAS). 
Control of Ae in a system may be implemented. as shown 
at right. In this circuit the output Ae of multiplexer M 
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supplies the appropriate high or low level (determined by 
$1572, $1627, $1573, or $1626) during RAS for both a 
memory cycle and refresh cycle. During CAS, system 
address Ai3 is multiplexed on Ace as shown. See the 2116 
section for additional applications information. 


Ao 

A, 

A, TO 
SYSTEM kK MEMORY 
ADDRESSES 3. ARRAY 


+5V 


XN 
FOR $1572 OR $1627?” * 
FOR S1573 OR $1626— x, 


REFRESH ENABLE 


2108-2 AND 2108-4 


Power Supply Decoupling/ 
Distribution 


Power supply current waveforms for the 2108 are shown in 
Figure 3. The Vpp supply provides virtually all of the 
operating current for the 2108. The Vpp supply current, 
lbp, has two components: transient current peaks when the 
clocks change state and a DC component while the clocks are 
active (low). When selecting the decoupling capacitors for 
the Vpp supply, the characteristics of capacitors as well as 
the current waveform must be considered. Suppression of 
transient or pulse currents require capacitors with small 
physical size and low inherent inductance. Monolithic and 
other ceramic capacitors exhibit these desirable character- 
istics. When the current waveform indicates a DC compo- 
nent, bulk capacity must be located near the current load to 
supply the load power. Inductive effects of PC board traces 
and bus bars preclude supplying the DC component from 
bulk capacitors at the periphery of a memory matrix without 
voltage droop during the active portion of a memory cycle. 
This means that some bulk capacity in the form of electro- 
lytic or large ceramic capacitors should be distributed around 
or within the memory matrix. 


The Vpp supply current, Ipp, has high transient current 
peaks, with essentially no DC component (less than 400 
microamperes). The Vgg capacitors should be selected for 
transient suppression characteristics. The following ca- 
pacitance values and locations are recommended for the 
2108: 


1. A 0.33 uF ceramic capacitor between Vpp and Vss 
(ground) at every other device. 


2. AO.1 uF ceramic capacitor between Vpgp and Vss at every 
other device (preferably alternate devices to the Vpp 
decoupling above). 


3. A 4.7 uF electrolytic capacitor between Vpp and Vss for 
each eight devices and located adjacent to the devices. 


The Vcc supply is connected only to the 2108 output buffer 
and is not used internally. The load current from the Vcc 
supply is dependent only upon the output loading and is 
usually only the input high level current to a TTL gate and 
the output leakage currents of any OR-tied 2108 (typically 
100 uA or less total). Intel recommends that a 0.1 or 0.01 uF 
ceramic capacitor be connected between Vcc and Vss for 
every eight devices to preclude coupled noise from 
affecting the TTL devices in the system. 


Intel recommends a power supply distribution system such 
that each power supply is grided both horizontally and 
vertically at each memory device. This technique minimizes 
the power distribution system impedance and enhances the 
effect of the decoupling capacitors. 


2-67 


Output Data Latch 


The 2108 contains an output data latch eliminating the need 
for an external system data latch and the timing circuitry 
required to strobe an external latch. The output latch 
operates identically to the 16-pin 4K RAM (Intel 2104) 
output latch enhancing the system compatibility of the 16K 
and 4K devices. 


Operation of the output latch is controlled by CAS. The data 
output will go to the high-impedance state immediately 
following the CAS leading edge during each data cycle and 
will either go to valid data at access time on selected devices 
(devices receiving both RAS and CAS) or will remain in the 
high impedance state on unselected devices (devices 
receiving only CAS). During RAS-only refresh cycles, the 
data output remains in the state it was prior to the RAS-only 
cycle. This unique feature of latched output RAMs allows a 
refresh cycle to be hidden among data cycles without 
impacting data availability. For instance, a RAS-only 
refresh cycle could follow each data cycle in a 
microprocessor system but the accessed data would 
remain at the device output and the microprocessor could 
take the data at any time within the cycle. Non-latched 
output devices do not provide this type of hidden refresh 
capability since their data output would go to the high 
impedance state at the end of the data cycle. 


Page Mode Operation 


The 2108 is designed for page mode operation and is 
presently being characterized for that mode. Specifications 
will be available at a later date. 


2111A 
256 x 4 STATIC RAM 


2111A-2 250 ns Max. 


350 ns Max. 


2111A-4 450 ns Max. 

= Common Data Input and Output = Fully Decoded: On Chip Address 

m Single +5V Supply Voltage Decode 

= Directly TTL Compatible: All Inputs and = Inputs Protected: All Inputs Have Pro- 
Output tection Against Static Charge 

= Static MOS: No Clocks or Refreshing = Low Cost Packaging: 18 Pin Plastic Dual 
Required In-Line Configuration 

= Simple Memory Expansion: Chip Enable = Low Power: Typically 150 mW 
Input @ Three-State Output: OR-Tie Capability 


The Intel® 2111A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2111A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow 
easy selection of an individual package when outputs are OR-tied. 


The Intel® 2111A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


@ 
0 > a 
0 > ae 
(2) GW MEMORY ARRAY 
0 eB —1 secect 32 ROWS 
® 32 COLUMNS 
O > 
@ 
O > as 
COLUMN 1/0 CIRCUITS 
@) COLUMN SELECT 
of |__coLusin SELECT 
@2) INPUT E : 
. Zz DATA NAKA A 
@ CONTROL 
O } ae 


| Ag-A7  ADDRESSINPUTS ma) 
| OD OUTPUT DISABLE 

' RW READWRITE INPUT | ce —— 

! ce, CHIP ENABLE1 = C) = PIN NUMBERS 

| CE, CHIP ENABLE 2 


| 04-104 DATA INPUT/OUTPUT | 


! 


2111A FAMILY 


me 


ABSOLUTE MAXIMUM RATINGS* "COMMENT? 

Stresses above those listed under "Absolute Maximum 
Ambient Temperature Under Bias... .. -10°C to 80°C Rating’ may cause permanent damage to the device. This 
Storage Temperature ......----- _65°C to +150°C is a stress rating only and functional operation of the de- 


vice at these or at any other condition above those indi- 
cated in the operational sections of this specification Is 
not implied. Exposure to absolute maximum rating con- 
Power Dissipation ........-...-0+2+00+00 1 Watt ditions for extended periods may affect device reliability. 


Voltage On Any Pin 
With Respect to Ground ......... -0.5V to +7V 


D.C. AND OPERATING CHARACTERISTICS 


Ta =0°C to 70°C, Vcc = 5V +5% , unless otherwise specified. 


Symbol Parameter Unit Test Conditions 


Vin = 0 to 5.25V 
Output Disabled, Vio = 4.0V 


Typ.[1] 
ho Input Load Current 


EIS 


1LOH 1/O Leakage Current 


> 


il 


LoL 1/O Leakage Current PT tf -10 | WA | Output Disabled, Vjj9=0.45V 
lcc1 Power Supply 2111A,2111A-4 | | 35 | 55 | | Vin = 5.25V 
Current 2111A-2 |  — | 45 «| 65 lo = OMA, Ta = 25°C 
i Power Supply 2111A, 2111A-4 60 Vin = 9.25V 
CC2 mA 
Current 2111A-2 ae Oe. | lo = OMA, Ta = O°C 
Vit Input Low Voltage -0.5 Ff os | Vv | 
Vi | Input High Voltage 20 || ec | 
VoL Output Low Voltage V lot = 2.0mA 
O 
. Output High 2111A, 2111A-2 | 24, [| Vv | low = -200UA 
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
_ AMBIENT TEMPERATURE 
é é 
Vec = 4.75V Vec = 4.75V 
eure “HIGH” TYPICAL OUTPUT “LOW” TYPICAL 
0 0.5 1.0 | 15 
Von (VOLTS) Vo. (VOLTS) 


NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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2111A FAMILY 


A.C. CHARACTERISTICS FOR 2111A-2 (250 ns ACCESS TIME) 
READ CYCLE Ty, =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


1 
Symbol Parameter | Min. Tyo. | Unit 
tre Read Cycle 250 set S 


ta Access Time i 
tco Chip Enable To Output el 


top Output Disable To Output 


tpg [3] Data Output to High Z State LO 


Test Conditions 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C,; = 100pF. 


t Previous Read Data Valid 
on after change of Address 


WRITE CYCLE 


Symbol Parameter | min. | Typ! 
taw | Write Delay a Ss ee aan 
tow Chip Enable To Write ae a a 


Test Conditions . 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 


tow Data Setup | 10 | { [ons | Timing Reference = 1.5V 
we | WrtePube Sd BOs and C, = 100pF. 
os__| Output Disable Setup | 20 | Tons 


CAPACITANCE 1, = 25°C, f= 1MHz 


Symbol Test 


Input Capacitance 
(All Input Pins) Vig, = OV 
1/O Capacitance Vijo = OV 


WAVEFORMS 
READ CYCLE WRITE CYCLE 


ADDRESS 


CHIP CHIP pes tow —————_> 
ENABLES ENABLES 
(CE1, CE2) (CE,. CE.) 
OUTPUT 
Pieaate DISABLE 

| — 

+ tos —> +_—— tow ——_» 

DATA I/O DATA 1/0 = iz wad gat STABLE |) 

READ/ 


+ taw——> 
NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 


2. This parameter is periodically sampled and is not 100% tested. 
3. tof is with respect to the trailing edge of CEy, CE, or OD, whichever occurs first. 
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2111A FAMILY 


2111A (350 ns ACCESS TIME) 


A.C. CHARACTERISTICS 
READ CYCLE Ta, =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


[Parameter | Min. | Typ] Max. | 


Access Time 

Chip Enable To Output 
Output Disabie To Output 
Data Output to High Z State 


Previous Read Data Valid 
after change of Address 


Symbol Test Conditions 


trac 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


WRITE CYCLE 


1 
we | WriteCyle | 220 
tan | Write Delay ee ee Ue 


Input Levels = 0.8V or 2.0V 


ta Chip Enable To Write 200 
Timing Reference = 1.5V 

tow Data Setup 

Load = 1 TTL Gate 

tou Data Hold 
; and C, = 100pF. 

twp Write Pulse 

ips | Output Disable Setup a a ce 


2111A-4 (450 ns ACCESS TIME) 


A.C. CHARACTERISTICS 
READ CYCLE Ta, =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


Symbol Parameter Typ. ] Max. | Unit Test Conditions 


ta Access Time a 450 t,, ty = 20ns 
tco Chip Enable To Output f 310 ye Input Levels = 0.8V or 2.0V 
top Output Disable To Output ee 950 = Timing Reference = 1.5V 


: Load = 1 TTL Gate 
tog [2! Data Output to High Z State 200 ns 
, 7 [| 200 | ons | ses anaes 
' Previous Read Data Valid ae 
aed after change of Address 
WRITE CYCLE 


Symbol | __Parameter_ | _Min._| Tye, Max. | Unit | Test Conditions 
two, | Write Cycle 270 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


taw Write Delay n 


(72) 


N 
: 


n 


oMtsy 
S| 
01O 
Bt 
» |oO 
w| m 
2) 5 
c}2 
o\ic 
rs) 
+ 
re) 
= 
=: 
o> 
qe) 
oo 
Oo; © 
”n 


uo 
n 


me 


+ 

O 

x 
O 
® 
+ 
fe} 
— 
o 
Q. 

Pale 
nln 


twr Write Recovery | 0 | 
tos Output Disable Setup 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
. 2. tor is with respect to the trailing edge of CE;, CE2, or OD, whichever occurs first. 


al 
”n 
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intel 


2112A 
256 X 4 BIT STATIC RAM 


2112A-2 


2112A-4 


= Single +5V Supply Voltage 

@ Directly TTL Compatible: All Inputs and 
Outputs 

@ Static MOS: No Clocks or Refreshing 
Required 


= Simple Memory Expansion: Chip Enable 
Input 


250 ns Max. 
350 ns Max. 
450 ns Max. 


Fully Decoded: On Chip Address 
Decode 


Inputs Protected: All Inputs Have Pro- 
tection Against Static Charge 


Low Cost Packaging: 16 Pin Plastic Dual 
In-Line Configuration 


Low Power: Typically 150 mW 
Three-State Output: OR-Tie Capability 


The Intel® 2112A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated ona 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2112A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 


simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tied. 


The Intel® 2112A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


PIN CONFIGURATION LOGIC SYMBOL 


PIN NAMES 
|, BoP “BPDRESSINEUTS: 
We WRITE ENABLE 
| CE CHIP ENABLE INPUT Eg 
: eared 4 


~ /0,-1/0, DATA INPUT/OUTPUT 
| Voc POWER (+5V) 


oh 
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BLOCK DIAGRAM 


i i 


ROW MEMORY ARRAY 
A] secect 32 ROWS 
32 COLUMNS 


> 


r 


COLUMN 1/0 CIRCUITS 


COLUMN SELECT 


INPUT 
DATA 
CONTROL 


C) = PIN NUMBERS 


2112A FAMILY 


i 


ABSOLUTE MAXIMUM RATINGS* COE 

Stresses above those listed under "Absolute Maximum 
Ambient Temperature Under Bias... .. -10°C to 80°C Rating’ may cause permanent damage to the device. This 
Storage Temperature ........... -65°C to +150°C is a stress rating only and functional operation of the de- 


; vice at these or at any other condition above those indt- 

Voltage On Any Pin cated in the operational sections of this specification Is 
With Respect to Ground ......... -0.5V to +7V not implied. Exposure to absolute maximum rating con- 
Power Dissipation ...........0-+20006 1 Watt ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Vec = 5V +5% unless otherwise specified. 


i | tmput Current 
lLOH [/O Leakage Current st 
lLOL |/O Leakage Current ae 


— 
—_ 
ee 


nit Test Conditions 


< 
3S 


Vin = 0 to 5.25V 
Output Disabled, Vijo=4.0V 
Output Disabled, Vijo=0.45V 


5 os 


Ea = S 


lect Power Supply —-2112A, 2112A-4 2 Vin = 5.25V, lo = OmA 
Current 2112A-2 Ta = 25°C 
Current 2112A-2 Ta =O°C 

Vit Input ““Low”’ Voltage 

Vin Input “High” Voltage ; 

VoL Output “Low” Voltage lo. =2.0mA 

VoH Output “High” 2112A, 2112A-2 . V lon = -200”uA 
Voltage 2112A-4| 2. +} lon =-150uA 


A.C. CHARACTERISTICS FOR 2112A-2 
READCYCLE Ty, =0°C to 70°C, Voc = 5V +5% unless otherwise specified. 


tre Read Cycle 20 | #x| | 
ta Access Time ir aa 250 ns 


tcp Chip Enable To Output Disable Time Peco al 120 n Load = 1 TTL Gate 


ton Previous Read Data Valid After 
Change of Address 


READ CYCLE WAVEFORMS 


<< cee WRG 
<< ta mm —_— 
tego = : 
Input Capacitance 
CHIP ENABLE | (All Input Pins) Vingg = OV 
oa > ten 


1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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2112A FAMILY 


A.C. CHARACTERISTICS FOR 2112A-2 (Continued) 
WRITE CYCLE #1 Ta =0°C to 70°C, Voc = 5V +5% 


Symbol Parameter | Min. | Typ. (1] 
twe1 Write Cycle 
taw1 Address To Write Setup Time 
tow1 Write Setup Time 


| 180 _| 
twet Write Pulse Width | 180 
tes} Chip Enable Setup Time a a ae 
a 


Test Conditions 


t,, te = 20ns 
ns input Levels = 0.8V or 2.0V 


ie ee Seo 
a aie Timing Reference = 1.5V 
a ee 

[ie] 


Load = 1 TTL Gate 
and C, = 100pF. 


tcH1 Chip Enable Hold Time 
twei | Write RecoveryTime | TT os 
towr___| Chip Enable To Write Setup Time | 120 | [| ns_| 


WRITE CYCLE #2 Ty, =0°C to 70°C, Voc = SV +5% 


Symbol Parameter | Min. | Typ.l1] Unit Test Conditions 
twe2 Write Cycle 320 | =| t,, t; = 20ns 


taw2 Address To Write Setup Time P26) ns Input Levels = 0.8V or 2.0V 
tow2 Write Setup Time fiso | of Timing Reference = 1.5V 


a 
77) 


” 


two2 Write To Output Disable Time ce a ns Load = 1 TTL Gate 
twr2 Write Recovery Time oe ae ae ns 
toH2 Data Hold Time aon ee ae 


WRITE CYCLE WAVEFORMS 
WRITE CYCLE #1 WRITE CYCLE #2 


| DATA IN | 
STABLE 
—_ ; 


<< 


ADDRESS ADDRESS 


CHIP ENABLE 


CHIP ENABLE 


DATA IN 
STABLE | 


<~tawi>'+* twei >| —— tw Ry 


NOTE: 1. Typical values are for TA = 25°C and nominal supply voltage. 
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2112A FAMILY 


A.C. CHARACTERISTICS FOR 2112A 


READ CYCLE Ty, =0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


a a ae eee 
‘co Chip Enable To Output Time a aie 240 Timing Reference = 1.5V 


tcp Chip Enable To Output Disable Time | 0 200 baad 24 TTL Gate 


tou Previous Read Data Valid After 40 ns _ 
Change of Address and C_ = 100pr. 


WRITE CYCLE #1 Ta =0°C to 70°C, Vcc = SV +5% 


7 eR 
tawt [Address ToWriteSetupTime | 20 | | | _ns_| Input Levels = 0.8V or 2.0V 
tow1 250 a ee ee Timing Reference = 1.5V 


WRITE CYCLE #2 Ty =0°C to 70°C, Voc = 5V +5% 


woo | WiteGyeleSS—~— Odd = 20 

taw2 | AddressToWrite Setup Time | 20 | | |_ns_| Input Levels = 0.8V or 2.0V 
towa [Write Setup Time ——_—_| 280 | __1}_t_ni_ Timing Reference = 1.5V 
_'wo2 200 | S| |S | toad = 1 TTL Gate 

tcH2 Chip Enable Hold Time ns 


oe 
os 


ni; on 


NOTE: 1. Typical values are for Tp = 25°C and nominal supply voltage. 
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2112A FAMILY 


A.C. CHARACTERISTICS FOR 2112A-4 


READCYCLE Ty, = 0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


tac Read Cycle Pf ns | t,t = 20ns 
ta | | 450 | ns_| Input Levels = 0.8V or 2.0V 


tco Chip Enable To Output Time i 310 Timing Reference = 1.5V 


tcp Chip Enable To Output Disable Time | 260 | ns | Load = 1 TTL Gate 
tou Previous Read Data Valid After e 
Change of Address and C, = 100pF. 


WRITE CYCLE #1 Tp = 0°C to 70°C, Vcc = 5V +5% 


Test Conditions 


+ 
< 
T 
Sp 
Cc 
=] 
=. 


Symbol Parameter 


twc1 Write Cycle 
tawi Address To Write Setup Time 
tow1 Write Setup Time 30 


twe1 Write Pulse Width 
tcs1 Chip Enable Setup Time 


ns t,, te = 20ns 


Unit | 

as are 

| | ons | Input Levels = 0.8V or 2.0V 
| ns | 
[ns | 


Ww ihe 
ho]; = 


© 


us Timing Reference = 1.5V 


ee 
Pee ol ns Load = 1 TTL Gate 


> 
n 


and C; = 100pF. 


aoe | ns 
twRi Write Recovery Time oe ar ae 
tow1 Chip Enable to Write Setup Time | 300 | =| sons | 


WRITE CYCLE #2 Ty =0°C to 70°C, Vcc = 5V +5% 


Typ 
twc2 Write Cycle ee t,, ts = 20ns 
taw2 Address To Write Setup Time ae re a oe Input Levels = 0.8V or 2.0V 
tow2 goo | | | ns | Timing Reference = 1.6V 


tcH2 Chip Enable Hold Time 
twr2 Write Recovery Time 
toH2 Data Hold Time 


a 
wn 


NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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, PRE 

In para This ‘LIMI , 

ee Subject to ch ae 
2114 

1024 X 4 BIT STATIC RAM 


Max. Access Time (ns) | 200 | 300 | 450 | 300 | 450 


High Density 18 Pin Package @ Directly TTL Compatible: All Inputs 
Identical Cycle and Access Times and Outputs 
Single +5V Supply = Common Data Input and Output Using 


Three-State Outputs 


No Clock or Timing Strobe Required j ; ; 
é na iia asad @ Pin-Out Compatible with 3605 and 3625 
ompletely Static Memory Bipolar PROMs 


The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate 
MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 


The 2114 is fabricated with Intel’s N-channel Silicon-Gate technology — a technology providing excellent protection against 
contamination permitting the use of low cost plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


> aE 
> ae 
> ae MEMORY ARRAY 
> aa 64 COLUMNS 
> eee 

Ag > an 


A; 
eee 


Vec 


> 
0 


> 
@QQ |O|O [© |@ 


> 
s 


<——— GND 


> 
a 


> 


@1@ 2 


PIN NAMES sD 


a) 
Ay~Ag ADDRESS INPUTS Voc POWER (+5V) Si CO = PIN NUMBERS 
WE WRITE ENABLE GND GROUND 


cS CHIP SELECT 
1/0,-1/0, DATA INPUT/OUTPUT 


2114 FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -10°C to 80°C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground 


PRELIMINA 


Notice: Th. - 
tice: This is not 
. PCH icat; 
MUtS are subject to change, Soe 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 


Power Dissipation 1.0W 


rating conditions for extended periods may affect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Vec = 5V + 5%, unless otherwise noted. 


2114-2, 2114-3, 2114 2114L3, 2114L 
SYMBOL PARAMETER Min. Typ. Max. in. ; . | UNIT CONDITIONS 
Mey Input Load Current LA Vin = 0 to 5.25V 
(All Input Pins) 
lol [/O Leakage Current uA | CS=2.4V, 
Vijo = 0.4V to Vcc 
lec Power Supply Current 80 120 65 mA Vin = 5.25V, lio = OmA, 
| Ta = 25°C 
lcc2 Power Supply Current 90 135 70 mA Vin = 5.25V, lio =O mA, 
| Ta =0°C 
Vit Input Low Voltage -0.5 0.8 -0.5 0.8 
Vin Input High Voltage 24 Vee 24 Wek 
VoH Output High Voltage 2.4 Vec lon = -1.0mA 
CAPACITANCE 


Ta = 25°C, f = 1.0 MHz 


Input/Output Capacitance [8 a BP | 


SYMBOL 


NOTE: This parameter is periodically sampled and not 100% tested. 
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| 2114 FAMILY ELIMI R 


Ctric limits pied na 
A.C. CHARACTERISTICS Ta = 0°C to 70°C, Vec = 5V + 5%, unless otherwise noted. 


' Specificas; 
: Ca 
Subject to Change Some 


READ CYCLE !1! 


2114-2 2114-3, 2114L3} 2114, 2114L 
SYMBOL PARAMETER Min. Max. Min. Max. Min. Max. | UNIT 
200 300 


trc Read Cycle Time 
ta Access Time 200 300 


> 
n 


: 
= 
© 
© 
=) 
nn 


tco Chip Selection to Output Valid 100 ns 
tex Chip Selection to Output Active ae a cere i eee ns 
toTp Output 3-state from Deselection 0 40 0 80 100 ns 
toHa Output Hold from Address Change ee (i a oe ns 


WRITE CYCLE [2! 


SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT 


NOTES: 1. A Read occurs during the overlap of a low CS and a high WE. 
2. A Write occurs during the overlap of a low CS and a low WE. 


A.C. CONDITIONS OF TEST 


PA PUE POISE EOVElS ened. coe aus fx as ere ayy ei one: Mee are Coe Aer wea eee ke 0.8 Volt to 2.4 Volt 
Input Rise-and Fall Times ..<. 5 2.0 cea ate we Se a ele eed le nl bee Da ere AS 10 nsec 
Input ane Output: FimMing: Levels: occ etes esd Gn he. Wie) WB eee ee Ue ew 1.5 Volts 
OUtDUEILGad f= 6385 ode pe hota eee en eee 1 TTL Gate and C, = 50 pF 
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P 
2114 FAMILY oo ELIMINA P 
NC limits are a 


subject 19 se rion. Son 
WAVEFORMS ge. 
READ CYCLE © 


- tRO o-oo a 2 lhe A ee. 


ADDRESS 


OQ 
”n 


Dout 


WRITE CYCLE 


ADDRESS 


lp A ee 


Oo) x 


~— om —_ 


~~ twe 


AQAA A 


“t= 


! 


KINI. 


SRG Q ACES foro trad 
| 
~ tex = tOHA * - 
/ / NVA 
NA ; 


DIN 


NOTES: 
@) WE is high for a Read Cycle. 


(2) tw is measured from the latter of CS or WE going low to WE going high. 


@ WE must be high during all address transitions. 
@ twr is referenced to the high transition of WE. 


VN NDI. 
KOO 


~— {DOW —----— -}e- --- OH -- 


DATA STORAGE 


When WE is high, the data input buffers are inhibited to 
prevent erroneous data from getting into the array. As 
long as WE remains high, the data stored cannot be 
affected by the address, Chip Select, or data I/O voltage 
levels and timing transitions. The block diagram also 
shows data storage cannot be affected by WE, the 
addresses, nor the I/O ports as long as CS is high. Either 
CS or WE by itself — or in conjunction with the other — 
can prevent extraneous writing due to signal transitions. 


Data within the array can only be changed during a Write 
time — defined as the overlap of CS low and WE low. To 
prevent the loss of data, the addresses must be properly 
established during the entire Write time plus twp. 
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Internal delays on the 2114 are established such that 
address decoding propagates ahead of datainputs (keyed 
by the Write time). Therefore, it is permissable to establish 
the addresses coincident to the selection of a Write time, 
but no later. If the Write time precedes the addresses, the 
data in the previously addressed locations, or some other 
location, may be inadvertently changed. 


While it is important that the addresses remain stable for 
the entire Write cycle, the data inputs are not required to 
remain stable. Appropriate voltage levels will be written 
into the cells as long as the data is stable fortpy at the end 
of the Write time. 


a © 


In 2115, 2125 
1024 X 1 HIGH SPEED STATIC RAM 


2115L, 
2125L 
Typ. Taa (ns) 
Typ. Ic¢c (mA) 
= Fully Pin Compatible to 93415 = Single +5V Supply 
(2115) and 93425 (2125) s Uncommitted Collector* (2115) 
=» Low Operating Power Dissipation: and Three-State (2125) Output 


Typical 0.2mW/bit (2115L, 2125L) =» Non-Inverting Data Output 


s TTL Inputs and Output Standard 16 Pin Dual In-Line 
Package 


The Intel® 2115 and 2125 family are fully static read/write random access memories organized as 1024 words by 1 bit. These 
RAMs are designed for buffer control storage and high performance main memory applications. They are compatible with TTL 


logic families in all respects: inputs, output, and a single +5V supply. Both uncommitted collector* and three-state output are 
available. 


The 2115 and 2125 family offers high performance, low power dissipation, and system cost savings. Fast system speed is 
achieved by using the 2115-2 and 2125-2. The 2115L and 2125L gives low system power dissipation, only 0.2mW/bit typical. 
The 2115 and 2125 are ideal for slower performance systems where cost is a prime factor. 


The 2115 and 2125 family is fabricated with N-channel MOS silicon gate technology. This technology allows the design and 
production of high speed MOS RAMs which are compatible to the performance of bipolar RAMs, but offering the advantage of 
lower power dissipation and cost. 


*The 2115 is a MOS device and the output is actually an uncommitted drain. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
CS) Diy WE 

WORD 32 X 32 
DRIVER ARRAY 

Ao 

A, 

A, ' 

A3 

Ay SENSE AMPS CONTROL 


LOGIC 
(SEE TRUTH 
TABLE) 


As 
Ag 
A; 
Ag 


DRIVERS 


Ag 


ADDRESS 
Veco = PIN 16 DECODER DECODER 


Gee a ea 


Ay Ay Ap Az Ag A Ag Az Ag Ag CS WE Dy 


@@DOOQ + OOOOL GO © ® 


ADDRESS 


PIN NAMES TRUTH TABLE 
ze CHIE SELECT [ . output | OUTPUT ~=—, 

TOA ADDRESS INPUTS INPUTS: “| sare camay 2025 FAMILY _ MODE 1 
we WRITE ENABLE boos | Beir : 
Dn —=——s«zDATA INPUT. H HIGH Z NOT SELECTED » 
Dout DATA OUTPUT H HIGH Z.——s« WRITE. "0" 

4 "HIGH ZO WRITE 1 
Dout Dout ___READ 


2115, 2125 FAMILY 


Absolute Maximum Ratings* 


-10°C to +85°C 
-65°C to +150°C 
Btn etal e untied Sa ns Metal gine. a -0.5 to +7 Volts 
-0.5 to +5.5 Volts 
20mA 


Temperature Under Bias 
Storage Temperature ...... 0.00.00 cee ee ec ee eee aae 
All Output or Supply Voltages 
All Input Voltages 


*COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings'’ may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


D.C. Characteristics " Voc = BV 5%, Ta = 0°C to 75°C 


Syma Te in. [Tym | Nox] Uni | 

VoL2 2115, 2115L Output Low V 
Voltage 

VOL3 2125 Family Output Low Voltage Pf [oss fv | 

lcex 2115 Family Output Leakage Current | [10 | 100 | pA 

llore| 2125 Family Output Current (High Z)} | 10 | 50 | yA 

los [2! 2125 Family Current Short mA 
Circuit to Ground 

VOH 2125 Family Output High Voltage ay tA 

lec. 2115L, 2125L Power Supply Current Bist 

lcc1 2115, 2125, Power 75 mA 
Supply Current 

ines 2115-2, 2125-2 Power Supply Current| | 80 | 125 

Notes: | 


Conditions 
lo. = 16mA 
loL _ 12mA 
lol = 7mA 


Vec = Max., Vin = 0.4V 

Vec = Max., Vin = 4.5V 

Vec = Max., Vout = 4.5V 
Vcc =Max., Vout = 0.5V/2.4V 
Vec = 4.5V 


loH =-3.2mA 


All Inputs Grounded, Output 
Open 


All Inputs Grounded, 
Output Open 


All Inputs Grounded, Output Open 


1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two 


minute warm-up. Typical thermal resistance values of the package at maximum temperature are: 
6 yA (@ 400 fpyy air flow) = 45°C/W 
6 Ja (still air) = 6O°C/W 
8 jc = 25°C/W. 


2. Duration of short circuit current should not exceed 1 second. 


NO 
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2115, 2125 FAMILY 


ay ge 1] 
2115 Family A.C. Characteristics Nee = 5V +5%, Ta = 0°C to 75°C 
READ CYCLE 


2115-2 2115 2115L 
Limits Limits Limits 
Symbol Test Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max. Units 


tacs__| Chip Select Time [fb 40 | 


trcs Chip Select Recovery Time 
taa Address Access Time 55 70 75 95 75 95 ns 


Symbol | Test =| Min. Typ. Max. Min. Typ. Max. Units 


ws [WiteEnbeTime TCT 
wn | Write Recovery Time —«| SC SCT OT 
tw [Write PulseWieth SSC*dCSC“*‘“‘*é~srCSSSC“‘#N’SNC#¥“CB)SC~“‘“*‘~*SC‘iS 
twap | Data Set-Up Time Printownte| 5 ——SOSC~sS‘ SSCS SSSSCd SS 
twa | Data Hold Time After Write [8 ——S«d si SSS Cd 
iwsa [Address Set-Up Time —+[ 18. ~~—SC~SSSSC~iYSSSSSSC~dSS 
twHa [Address Hoki Time | 68 | 8 +418 Sid 
imaca | ChiniseletsstUnnime <a) oe I 
ines | CH Soeelnad Tine. = | A 


TEST CONDITIONS 


A.C. AND D.C. LOADING CONDITIONS 
4.75V 


Po) 
r 


2115 
Dout 


(INCLUDING 
SCOPE AND 
JIG) 


asa [ae | iat, 
= 


READ CYCLE 


— 
~_ | Pe 
as 


Daur ¢ DATA VALID = 
. 


<— twsa—r <«— twHa—> 


twHcs ———> 


Dout 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115, 2125 FAMILY 


2125 Family A.C. Characteristics "Voc = 5v +5%, Ta = 0°C to 75°C 


READ CYCLE 

'zRcs ns 

taa ns 
Change of Address 


WRITE CYCLE 


~ Symbol Test Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max. Units 


tzws___| Write Enable to HIGH Z 40 as - ons 
sa ns 


twr Write Recovery Time 


tw __| Write Pulse Width OO ee 


SOO eae | ns 
twsp Data Set-Up Time Prior to Write | 15 ns 
twHp Data Hold Time After Write 5 = | 15s ns 


twsa Address Set Up Time 30 ns 
twHa Address Hold Time Pe ee ns 


twscs | Chip Select Set-Up Time ae ns 
ns 


twHcs | Chip Select Hold Time 


TEST CONDITIONS 


A.C. LOADING CONDITIONS ALL INPUT PULSES 
4.75V 


t 4 
" { 
51082 


2125 GND = 
OUT 


Oo 


’ 
A 
=) 
Z 
ij 

ry 

=) 
2 


30082 30pF 
(INCLUDING 
SCOPE AND 
JIG) 


READ CYCLE 


DATA VALID 


<t—-—--— twHcs —-- > 
5 ad 


Dout 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115, 2125 FAMILY 


2125 FAMILY WRITE ENABLE TO HIGH Z DELAY 


WE 
WRITE ENABLE 


Dout 
M2125AL, DATA OUTPUT “O” LEVEL 
M2125A ) 
“1 LEVEL 
— Dout 
DATA OUTPUT 


LOAD 1 


2125 FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 


Cs 


CHIP SELECT FF 18V 
-tzrcs >| 
ae a HIGH Z 
DATA OUTPUT “0” LEVEL i: ney 
ee LEVEL 

—— | 0.5v 
Dout i; 
DATA OUTPUT UL HIGH Z 


(All tzx x parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 


2115/2125 FAMILY CAPACITANCE®* Vcc = 5V, f = 1 MHz, Ta = 25°C 


2115 Family 
Limits 
Typ. Max. 


ii 


*This parameter is periodically sampled and is not 100% tested. 


2125 Family 
Limits 


Symbol Test 


Typical Characteristics 


icc VS. TEMPERATURE 


Icc VS. Vcc 


Veo = SV 
cc slg 


15/2125 


log (mA) 
leg (mA) 


Tan (ns) 


TEMPERATURE (°C) 
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1.5V 
tows >| 
f HIGH Z 
— }o.sv 
——~ } 0.5v 
Ae tese ae 


Test Conditions 


All Inputs = OV, Output Open 


CS=5V, All other inputs = OV, 
Output Open 


ACCESS TIME VS. CAPACITANCE 


2115A, 2125A FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 


2115AL 
2125AL 


2115AL-2 2115A-2 


2125AL-2 2125A-2 


» Pin Compatible To 93415A » TTL Inputs And Outputs 
(2115A) And 93425A (2125A) 


® Single +5V Supply 
a» Fan-Out Of 10 TTL (2115A Family) «= Uncommitted Collector (2115A) 
-- 16mA Output Sink Current And Three-State (2125A) Output 


=» Low Operating Power Dissipation «= Standard 16-Pin Dual In-Line 
--Max.0.39mW/Bit (2115AL, 2125AL) Package 


The Intel® 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector 
(2115A) and three-state output (2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry through- 
out — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non- 
destructively and has the same polarity as the input data. 

The 2115AL/2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully 
compatible with the industry-produced 1K bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents. 
The power dissipation of the 2115AL/2125AL and 2115AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW 
maximum of their bipolar equivalents. For systems already designed for 1K bipolar RAMs, the 2115A/2125A and the 


2115A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction 
in maximum power dissipation. 


The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 


The 2115A and 2125A families are fabricated with Intel’s N-channel MOS Silicon Gate Technology. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


WORD 
DRIVER 


SENSE AMPS CONTROL 
LOGIC 
(SEE TRUTH 
TABLE) 


WRITE 
DRIVERS 


ADDRESS 


ADDRESS 
Veco = PIN 16 DECODER DECODER 


GND = PIN8 Dour 


L @ ®& 


PIN NAMES 
| TRUTH TABLE 
CS CHIPSELECT _ 
meme S Fras OeTg Te OUTPUT OUTPUT 
ADDRESS INPUTS 
AgTOAg A P' INPUTS 19115 FAMILY| 21254 FAMILY | MODE 
we WRITE ENABLE | EWE 
oes WRITE ENBBEE, CS WE Ow] Oour_ | Dour || 
Din DATA INPUT 
Oa DATA WT oT SELECTED 
Ona ok Led ee WRITE "0" 
L segee 


L 
CS Be 
x | tour [Sour] READ 
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2115A, 2125A FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............. -10°C to +85°C *COMMENT: Stresses above those listed under ‘Absolute Maxi- 
Storage Temperature .............. -~65 C to +150°C mum Ratings” may cause permanent damage to the device. This is a 

stress rating only and functional operation of the device at these or 
All Output or Supply Voltages PAIRS? te Rin ge ng -0.5V to +7V at any other conditions above those indicated in the operational 
All Input Voltages... .............-. ~0.5V to +5.5V sections of this specification is not implied. Exposure to absolute 
DC, Output Current «22s bee eG 4 oa ees 20 mA maximum rating conditions for extended periods may affect device 


reliability. 


D.C. CHARACTERISTICS"-2! 
Vec = 5V 5%, Ta =O°Cto 75°C 


es 
Foc [PAF Ovmctowveron | 
Ron [=RFamiv Ou von | 
= 
ar 
a 
ee 


| 0.1 | | 40. | eae Wee = Max. Vig=OaV 


ae aer Max. » Vout = 4.5V 


Fin 


lore! 2125A Family Output Current (High Z) ) Veo =Max., Vour= 0.8V/2.4V | Max., Voyt = 0.5V/2.4V 


2125A Family Current Short Circuit 
Family Output High Voltage a5 eel Ge lon = -3.2 mA 


Power Supply Current: 
lec1: 2115AL, 2115AL-2, 2125AL, 5 mA 
2125AL-2 


1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute 
warm-up. Typical thermal resistance values of the package at maximum temperature are: 


All Inputs Grounded, Output 
Open 


0 3A (@ 400 fpyy air flow) = 45°C/W 
6 jf (still air) = 6O°C/W 
6 jC = 25°C/W 


2. Typical limits are at Voc = 5V, Ta = +25°C, and maximum loading. 
3. Duration of short circuit current should not exceed 1 second. 
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2115A, 2125A FAMILY 


2115A FAMILY A.C. CHARACTERISTICS!"2! voc = 5V £5%, Ta = 0°C to 75°C 
READ CYCLE 


2115A Limits {2115AL-2 Limits|2115A-2 Limits 
Symbol Test Min. Typ. Max.}| Min. Typ. Max.|Min. Typ. Max.|Units 


Dy 16... 30 3) 


Address Access Time 
Previous Read Data Valid After 
Change of Address 


WRITE CYCLE 


25 10 30 10 25 


A.C. TEST CONDITIONS 


300? 


30pF 
(INCLUDING 
SCOPE AND 


Vcc 
JIG) 


2115A 
Dout 
6005 


PROPAGATION DELAY FROM CHIP SELECT 


cs 
: << twsa —> << twHa—> 
twr 


: i 
i tacs i= tacs > , 
D yet Eegee DATA pone 


OUT Nf Dour “UNDEFINED. f 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 


READ CYCLE 


DATA VALID 


Dout 
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2115A, 2125A FAMILY 


2125A FAMILY A.C. CHARACTERISTICS"12! Voc = 5V +5%, Ta = 0°C to 75°C 


READ CYCLE 
2125AL Limits | 2125A Limits |2125AL-2 Limits] 2125A-2 Limits 
Symbol Test Min. Typ. Max.|Min. Typ. Max.] Min. Typ. Max.|Min. Typ. Max.]Units 
Chip Select Time 5 15 3015 15 30| 5 1% 30] 5 15 40 
Chip Select to HIGH Z 10 30 10 30 10 30 10 40 
Previous Read Data Valid After 
1 1 1 10 
WRITE CYCLE 


ce 


io) 


S 
on 


Oo 


1 2 
twa | Witte Recovery Time «| Oa 0-80 | 0 
}30 20 ~——| 30 10 30 10 50 15 


Ss 
) 


Vcc 
510:? 
21254 
Dour 
30022 30pF 
(INCLUDING 
SCOPE AND 3.5Vp-p 
JIG) Riese tes” ee Swe ee dy on ye 
+ GND = ~ ~+—- 10ns ——~ «+ ——10ns 
READ CYCLE WRITE CYCLE 


DATA VALID 


j <a twsa —e! <— twHa—> 


j~t——— twscs ———>. 


Dout 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115A, 2125A FAMILY 


2125A FAMILY WRITE ENABLE TO HIGH Z DELAY 


WE 
WRITE ENABLE 15V 
75002 
DouT “0” LEVEL ie 
5 pF DATA OUTPUT —— } osv 
“1 LEVEL 
DouT } osv 
DATA OUTPUT eS 


\ue np eP aE a= a= 
LOAD 1 


cs 
CHIP SELECT 1.5V 


DATA OUTPUT “O” LEVEL 


“T" LEVEL 


oon } 0.5V 
DOUT 
DATA OUTPUT 


(ALL tax xx PARAMETERS ARE MEASURED AT A DELTA 
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.) 


2115A/2125A FAMILY CAPACITANCE* Vcc=5V, f=1MHz, Ta = 25°C 


2115A Family 2125A Family 
LIMITS LIMITS UNITS 


TEST CONDITIONS 


SYMBOL TEST 


Input Capacitance 5 All Inputs = OV, Output Open 


CS = 5V, All Other Inputs = OV, 


Output Open 
*This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


Icc VS. TEMPERATURE loc VS. Vec 


et tt | 


ACCESS TIME VS. TEMPERATURE 


2115A, 2115A-2 
2125A, 2125A-2 100 


A721 15A, 2115A-2 


2125A, 2125A-2 


< q 80 Z 

é ; ee eee : 

QO [s) og 

= = 70 = 
2125AL. 2125AL-2 60 a 


2115AL, 2115A 


2125AL, 2125A 


F 2115AL, 2115AL-2 
2125AL, 2125AL-2 


o 1 2 3 4 5 6 7 8 


Vcc (V) 


TEMPERATURE (°C) 


TEMPERATURE (°C} 
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2 @ MIL jy. 
| 
intel M2115A, M2125A, FAMILY ied TEMp 
HIGH SPEED 1K X 1 BIT STATIC RAM : 


wate [| 7% | 
wextecmm) | 78 «dS 


= Low Operating Power Dissipation = Uncommitted Collector 


413mW (M2115AL, M2125AL) (M2115A, M2115AL) and Three 
=» Fast Access Time Over —55°C State (M2125A, M2125AL) 
to 125°C --55ns Maximum Output 


(M2115A, M2125A) 
s Single 5V Supply With 710% 
Tolerance =» Hermetic 16 Pin Dual In-Line 
» TTL Inputs and Output Package 


=» Non-Inverting Data Output 


The Intel M2115A and M2125A families are fully static, random access memories (RAMs) organized as 1024 words by 1 
bit, which operate over a —55°C to +125°C ambient temperature range. Both open collector (M2115A) and three-state 
(M2125A) outputs are available. The M2115A and M2125A use fully DC stable (static) circuitry throughout in both the array 
and the decoding, and, therefore, require no clocks or refreshing to operate. The data is read out nondestructively and has the 
same polarity as the input data. 


The M2125AL/M2125AL is ideal for high-performance systems where speed and power dissipation are significant design con- 
siderations. They have a maximum access time of 75 ns, while power dissipation is only 413 mW maximum. The M2115A/ 
M2125A at 55 ns maximum should be considered for applications in which speed is a primary design objective. 


The devices are directly TTL compatible in all respects: inputs, outputs and a single +5V supply. A separate chip select lead 
allows easy selection of an individual package when outputs are OR-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


WORD 32 X 32 
DRIVER ARRAY 


SENSE AMPS 
AND 
WRITE 

DRIVERS 


CONTROL 
LOGIC 
(SEE TRUTH 


OuT 
TABLE) ; 


ADDRESS 


ADDRESS 


DECODER DECODER 


ee ae 


Ae De he Rene CS WE OD 


' 

A, 

) OHBGHO® 1 @ 8 
NAMES TRUTH TABLE 
- CHIPSELECT | 
_ ADDRESS INPUTS | 
__ WRITE ENABLE 
DATA JNPUT 7 
DATA OUTPUT os 
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M2115AL, M2115A, M2125AL, M2125A 


ABSOLUTE MAXIMUM RATINGS* 
*COMMENT: Stresses above those listed under ‘Absolute Maxi- 


. oO fe} 
Temperature Under Bias........... -65 C to +135 C mum Ratings’’ may cause permanent damage to the device. This is 
Storage Temperature .............. -~65°C to +150°C a stress rating only and functional operation of the device at these 
All Output or Supply Voltages.......... -0.5V to +7V or at any other condition above those indicated in the operational! 
sections of this specification is not implied. Exposure to absolute 
All input Voltages... .......42.2044- -0.5V to +6V maximum rating conditions for extended periods may affect device 
D-C, Output Current 446-4: 2.6 Mek gotld-e Greek 20 mA reliability. 


D.C. CHARACTERISTICS!*2! 
Vec = 5V #10%, Ta = -55°C to +125°C 


Symbol Test 


M2115A, M2115AL Output Low 
Voltage 

Vv M2125A, M2125AL Output Low 
Ot Voltage 


Input High Voltage 
Input Low Voltage 


IL 
Nie Input Low Current 
LH 


lin Input High Current . 


M2115A,M2115AL Output Leakage 
an Current 

| | M2125A, M2125AL Output Leakage 
OnE Current (High Z) 


M2125A, M2125AL Current Short 


l [3] 
Circuit to Ground 


< 
O 
S 


£ 


NO 
—_ 


© 
aay 


M2115A,M2115AL Output High 
Voltage 


M2115AL, M2125AL Power Supply 
med Current 


M2115A,M2125A Power Supply 
Current 


60 | 75 | ma All Inputs Grounded, Output 
Open 
| 100 All Inputs Grounded, Output 
Open 
NOTES: 


1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a 2-minute 
warmup. Typical thermal resistance values of the package at maximum temperature are: 
6 JA (@ 400 fpr air flow) = 45°C/W 
6 yA (still air) = 60° C/W 
6 jC = 25°C/W 
2. Typical limits are at Vcc = 5V,T,p = +25°C and maximum loading. 


3. Duration of short circuit current should not exceed 1 second. 
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M2115AL, M2115A, M2125AL, M2125A 


M2115AL, M2115A A.C. CHARACTERISTICS""-2) Veg = 5V +10%, Ta = -55°C to +125°C 
READ CYCLE 


Chip Select Time 
Chip Select Recovery Time 


Address Access Time 


Previous Read Data Valid After Change of 
Address 


twr Write Recovery Time 


55 
[“DataHold Time After Write Ss 8 
[Address SetupTime——SSS~*wSCST 


A.C. TEST CONDITIONS 


45V 
30082 
GND = ee 
aes > <« .10ns te 10ns 
Dour 
60082 30pF 
(INCLUDING 
SCOPE AND 
JIG) 
READ CYCLE WRITE CYCLE 


Ao Ag f ssi‘ 


Doyt . : DATA VALID 


WE 


Dout 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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M2115AL, M2115A, M2125AL, M2125A 


M2125AL, M2125A A.C. CHARACTERISTICS!"-2!_ Vee = 5V +10%, Ta = -55°C to +125°C 
READ CYCLE 


qpakk M2125AL Limits M2125A Limits Te 
Min. Typ. Max. Min. Typ. Max. 


[Chipset Tine —s—“—*~“—s*S*~“—‘—‘i TCC 
Tienes | Chip SelecttoHIGHZ———SC—~S—SSC*dSS id; 


45 
50 
‘ Previous Read Data Valid After Change of 10 
oy Address 


WRITE CYCLE 


5 
10 


A.C. TEST CONDITIONS 
4.5V 


=e oD eS 
M2125A OND Se Sa ee eet sel eee 40K 
Dour 
3002 30pF 
(INCLUDING TE ae a Hee ES xermarr 
SCOPE AND 
JIG) > 7 


READ CYCLE 


Daur a DATA VALID 


| twsp <¢— a—e! tWwHD 
‘ 
| 
cs 1.5V 
i<t— twsa—> < twHa—e 
I 
we twscs > p+—_—— twHcs ———> 


ee 7 
Mr Uy 


Dour 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V} 


2-94 


M2115AL, M2115A, M2125AL, M2125A 


M2125AL, M2125A WRITE ENABLE TO HIGH Z DELAY 


M2125AL, 
M2125A 


LOAD 1 


WE 
WRITE ENABLE 


Dout 


DATA OUTPUT 


Dout 


DATA OUTPUT 


M2125AL, M2125A PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 


cs : 
CHIP SELECT 1.5V 
tracy >| 

Dout io HIGH Z 
DATA OUTPUT “O" LEVEL } yee: | ee 

a" LEVEL ; 

0.5V 

Dout j 
DATA OUTPUT HIGH 2 


(All tz% x parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 


CAPACITANCE®* Vcc = 5V, f= 1 MHz, Ta = 25°C 


M2115AL, M2115A 
Limits 
Typ. 


Symbol 


eed 


*This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


Icc vs. TEMPERATURE 


M2115A, M2125 
+ 


ase 


M2115AL, M212 


4 


Iec (mA) 


TEMPERATURE ( C} 


Typ 


M2125AL, M2125A 


Limits 


icc vs. Vcc 


110 


100 


70 


| =k 
M2115A, M2125A 


90 


80 


Icc (mA) 


70 


60 


TAA (ns) 


M2115AL, M2125AL 


50 


anes | 10 
| el 
i eee) Ra 


4 5 6 7 8 


Test Conditions 


All Inputs = OV, Output Open 
CS = 5V, All other inputs = OV, 
Output Open 


ACCESS TIME vs. TEMPERATURE 


[eee eee! ce 
15AL, M2125. 


TEMPERATURE ( C} 
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intel 2116 FAMILY 


16,384 X 1 BIT DYNAMIC RAM 


| 2116-2 | 2116-3 | 2116-4) 
Max. Access Time (ns) | 200 | 250 | 300 | 
|Read, Write Cycle (ns) | 350 =| =375_ =| 425 | 
| Read-Modify-Write Cycle (ns)| 400 | 525 | 595_ 


=» Highest Density 16K RAM: » On-Chip Latches for 


Industry Standard 16 Pin Address and Data In 
Package a Only 64 Refresh Cycles 
a Low Standby Power Required Every 2 ms 


s All Inputs Including Clocks  s Output is Three-State, TTL 
TTL Compatible Compatible; Data is Latched 


» 10% Tolerance on all and Valid into Next Cycle 
Power Supplies +12V, 
+5V, —5V 


The Intel® 2116 is a 16,384 word by 1 bit MOS RAM fabricated with two layer polysilicon N-MOS technology — a production- 
proven process for high performance, high reliability, and high functional density. The 2116 uses a single transistor dynamic 
storage cell and dynamic circuitry to achieve high speed and low power dissipation. 


The unique design of the 2116 allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin package 
provides the highest system bit densities and is compatible with widely available automated handling equipment. The 2116 is 
designed to facilitate upgrading of 2104A-type 4K RAM systems to 16K capabilities. 


The use of the 16 pin package is made possible by multiplexing the 14 address bits (required to address 1 of 16,384 bits) into the 
2116 on 7 address input pins. The two 7 bit address words are latched into the 2116 by the two TTL clocks, Row Address Strobe 
(RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the multiplexing technique while 
maintaining high performance. 


The single transistor dynamic storage cell provides high speed along with low power dissipation. The memory cell requires re- 
freshing for data retention. Refreshing can be accomplished every 2 ms by any one of the three following methods: (1) CAS 
before RAS cycles on 64 addresses, Ao—As, (2) RAS-only cycles on 128 address, Ag—Ag, or (3) normal read or write cycles on 
128 addresses, AgQ—Ag. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. The 
output is brought to a high impedance state by a CAS-only cycle or by a CAS-before-RAS refresh cycle. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


DISABLE 


COLUMN 
DECODER 
SENSE AMPS 
1/0 GATING 


16384 BIT 
STORAGE ARRAY 


Ao 
A, 


OUTPUT 
LATCH AND 


Ag 
BUFFER 


A3 
Ay 
As 


Ag 


PIN NAMES 
- Vec 
Ay-Ag ADDRESS INPUTS WE WRITE ENABLE pine 
CAS COLUMN ADDRESS STROBE Vgp POWER (-5V) 
Din DATA IN Veco POWER (+5V) aTOerR 
Dour DATA OUT Vpp POWER (+12V) GENERATOR NO. 1 


ROW ADDRESS STROBE GROUND 
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2116 FAMILY 


Absolute Maximum Ratings* 


*COMMENT: 
Ambient Temperature Under Bias ........ -10°C to +80°C Stresses above those listed under “Absolute Maximum Ratings” 
Storage Temperature ...... eee eeee -65°C to +1 50°C may cause permanent damage to the device. This is a stress rating 


3 : only and functional operation of the device at these or any other 

Voltage on any Pin Relative to VeB conditions above those indicated in the operational sections of this 
(Vss - Veg 24V) oe eee ee ee ees -0.3V to +20V specification is not implied. Exposure to absolute maximum rating 

Power Dissipation reeled mee Got fate, tet gra htalen sain 1.25W conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics !) .[2! 
Ta = 0°C to 70°C, Vpp = +12V 10%, Voc = t5V +10%, Veg = -5V +10%, Vsg = OV, unless otherwise noted. 


See Note 6. 


pS 
© 
o>) 
Oo 


mA 2116-4 tcyc = 425 ns 


eS tame aa ye vl eee 
Mey Input Load Current (any input) ee ee ee Vin = Vic min to Vin Max 

| Output Leakage Current Chip deselected: RAS and CAS at Viyj 
ILO! as 0.1 10 uA 

for high impedance state Vout = 0 to 5.5V 
cycle. Chip deselected prior to 
lse1_| Ves Supply Current | tf 80 | HA | measurement. See Note 6 
Ta =25 C 

lppo!4! Operating Vpp Current pst | 68 | ma | 2116-3 teyc = 375 ns a 


— 


2 


© 


400 


> 


Igp2 Operating Vgp Current Device selected 


[7] Vcc Supply Current when 
deselected 


oO 


-1.0 
2.4 


Input Low Voltage (any input) 
Vin Input High Voltage (any input) Vect1 


VoL Output Low Voltage 


oO 
Ss 


lo, = 4.1 mA (Read Cycle Only) 
lo = -5 mA (Read Cycle Only) 


= 
rc 
N 
aS 


VOH Output High Voltage Vcc 


Capacitance [8] Ta = 25°C, Vop = 12V 10%, Vec = 5V +10%, Veg = -5V +10%, Vsg = OV, unless otherwise noted. 


Symbol Parameter Typ. Max. Unit Conditions 


Cy Address, Data In & WE Capacitance a a ee ee Vin = Vss 
Ci RAS Capacitance Vin = Vss 
Ci3 CAS Capacitance a a ae Vin = Vss 
Co Data Output Capacitance Vout = OV 


Notes: 
. All voltages referenced to Vss. No power supply sequencing is required but Vpp, Vcc, and Vsg should never be 0.3V or more negative than VBB. 


1 

2. To avoid self-clocking, RAS should not be allowed to float. 

3. Typical values are for Ta = 25°C and nominal power supply voltages. 

4. For RAS-only refresh Ipp = 0.78 Ippg. For CAS-before-RAS (64 cycle refresh) Ipp = 0.96 Ipp2. 

5. The chip is deselected (i.e., output is brought to high impedance state) by CAS-only cycle or by CAS-before-RAS cycle. The current flowing 
in a selected (i.e., output on) chip with RAS and CAS at Vj is approximately twice Ipp1. 

6. See Page 2-98 for typical Ipp characteristics under other conditions. 

7. When chip is selected Vcc supply current is dependent on output loading; Vcc is connected to output buffer only. 

8. Capacitance measured with Boonton Meter. 
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2116 FAMILY 


Typical Characteristics Standby Power Calculations: 


IBB2 AND Ipp2 VS. TEMPERATURE 


PRer = Pop nz =a) + Pop (1-N we) where 


Pop = Power dissipation (continuous operation) = Vpp x Ippo. 
N = Number of refresh cycles (64 or 128) 


tcyc = Cycle time for a refresh cycle. 


tcYCLE = 425 ns 
trp =95ns 


tRer = Time between refreshes 


Ipp2 (mA) 
IBB2 (uA) 


Psp = Standby power dissipation = Vpp x Ipp1 + !Veg!x leg 
Note that Ippz depends upon refresh as follows: 
1. For 128 cycle (RAS before CAS) use Ipp2 from Figures 1 and 2. 


2. For 64 cycle (CAS before RAS) multiply Ippz2 determined in (1) 
by 0.96. 


TEMPERATURE (°C) 3 


. For 128 cycle (RAS only) multiply lpp2 determined in (1) by 
0.78. 


Examples of typical calculations for Veg = -5.0V, Vpp = 12.0V, 
Ta = 25°C, teyc = 0.425 us, tras = 0.3 us. ter = 2000 us: 
1. 128 cycle (RAS before CAS): Pop = 12.0V x 43:mA = 516 mW 


0.425 0.425 
es 
re o) + (121.2 5x0.001) (1-128 A060 


Figure 1. 


Ipp2 VS. CYCLE TIME 


Pref = 516 (128 


Bann 


Prer = 28.0 mW 


lyp2 (mA) 


2. 64 cycle (CAS before RAS); Pop = 12.0V x 43 (0.96) mA = 
495 mw. 


>) + (12x1.245x0.001) (1-64 2425) - 


PRE 495 (64 5 aan 2000 


20350 400 500 600 700 800 900 1000 Prep = 20.9 mW 


Tee teal 3. 128 cycle (RAS only): Pop = 12.0V x 43 (0.78) mA = 402 mw 
Figure 2. Pree = 25.0 mW 


o-+ 


0 400 600 (ns) 


200 400 600 (ns) 0 200 400 600 (ns) 0 400 600 (ns) 
CAS BEFORE RAS RAS ONLY REFRESH 
READ CYCLES READ-MODIFY-WRITE (FOR 64 CYCLE REFRESH) 
Note 1: Increase in current due to WE going low. Width of this 


current pulse is independent of WE pulse width. 


Figure 3. Supply Current Waveforms. 
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2116 FAMILY 


. (1 
A.C. Characteristics 
Ta=0°C to 70°C, Vpp=12V +10%, Vec=5V £10%, Vap=-5V +10%, Vss=OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


2116-2 2116-3 2116-4 
Symbol Parameter M Max. Min. Max. in, Max. Unit 
2 
75 


= 
S 


c 
Oo 
NO 
=) 
n 


tro, (2! RAS to CAS Leading Edge Lead Time 50 110 


in. 
45 


m 
So 
es 
= 
=) 
” 


coe] et 
ae) 
nin 
7: lok 
S| > 
fe) 
sin 
a 
2| o 
a}aQ 
o| 
”n 
3 
YO) a 
ae 
Cc 
Oo 
a 
= 
<2) 
No 
io) 
il 
N 
ol 
i 
wl rm 
OC} 
iy 
D> 
nN 


tasc Column Address Set-Up Time 


ve Address Hold Time 
tr Transition Time (Rise and Fall) 
tOFF Output Buffer Turn Off Delay ee ee 
teac 4! Access Time From CAS 190 ns 


trac!4! Access Time From RAS 200 250 
READ AND REFRESH CYCLES 


2116-4 
Symbol Parameter Min. Max. Unit 


tcyc|5! Random Read Cycle Time 375 425 ns 
tans RAS Pulse Width 330 32000 | ns 
tcas CAS Pulse Width 150 10000 | 190 10000 | ns 
tcH CAS Hold Time for RAS-Only Refresh 
30 


a 
° 
i 
° 
— 
ro) S) 
wo 
35 0 | on 
os) O10 
=p) 7) D> 
Nn rn ”n 


NO} © 


WRITE CYCLE 
Symbol Parameter Min Max Unit 


tp! Data-In Hold Time 100 


Oo 
O 
—> 
NO 
oO 


ns 


Eo ee 


Notes: 1. All voltages referenced to Vss. 
2. CAS must remain at Vj a minimum of tRCL MIN after RAS switches to Vj,_. To achieve the minimum guaranteed access time 
(trac), CAS must switch to Vj, at or before tRCL (MAX) = tRAC -tcaAc. Device operation is not guaranteed for trcL>2 us. 
3. The tcrp specification is less restrictive than the ter, range which was specified in the 21 16 preliminary data sheet. 
4. Load = 1 TTL and 50 pF. 
5. The minimum cycle timing does not allow for tT or skews. 
6. Referenced to CAS or WE, whichever occurs last. 
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2116 FAMILY 


Waveforms 
READ CYCLE 
teyc 
tRAS trp 
a Vin (1) t 
RAS Vi Q) CRP —> 
ce Se 

_ Vin 

Vin 

Mu \7 COLUMN 
ont Ye KO eet KO 


tres tron 


Ts Vin QO. 1 
Me Vit a: 


D VALID 
our DATA OUT 


tcyc 
tRAS <+—_——tpp 

Vin 

RAS Vit ‘chee 
tcp 

Vin 
CAS 

Vit 

tASR 

Vin 
ADDRESSES 

Vit 


tw, ————______+ 
z tow 


© 
tos ‘SH 
Vv N 
~ aD: 
Vin "has : AN 
trac ; 
‘cac 
torr 
Vou -@) 
Dout Vv , i © 
OL 
Notes: 1,2. Vi MIN and Vi_ MAx are reference levels for measuring timing of input signals. 


3,4. VOH MIN 2nd VoL Max are reference levels for measuring timing of Dour. 
5. Dour follows DIN when writing, with WE before CAS. 
6. Referenced to CAS or WE, whichever occurs last. 
7. torr is measured to loyT < IILol- 
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2116 FAMILY 


A.C. Characteristics 
Ta = 0°C to 70°C, Vpp = 12V £10%, Voc = 5V +10%, Vag = -5V +10%, Vgs = OV, unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 


2116-4 
Symbol Parameter Min. Max. Unit 


tRMw Read-Modify-Write Cycle Time 595 ns 
tcRw RMW Cycle CAS Width 225 10000 310 10000 350 10000 ns 
tRRw RMW Cycle RAS Width 325 32000 450 32000 500 32000 ns 


taWH RMW Cycle RAS Hold Time 350 390 ns 


tcwH RMW Cycle CAS Hold Time 460 ns 
tawi Write Command to RAS Lead Time 200 2 

tow Write Command to CAS Lead Time 160 ns 
twe Write Command Pulse Width 
trcs Read Command Set-Up Time a ee a eee 
tin Modify Time 0 10 
ere Data-In Hold Time (RMW Cycle) 125 ns 


oO 
=) 
nv 


= 
© 
© 
we) 
"a 


© 
— 
co) 
og 
wn 


Waveforms 
READ MODIFY WRITE CYCLE 


tamw 


‘?) 
> 


Vv \? 7, 
IH ROW COLUMN 
ADDRESSES Vit Ma @) ADDRESS A /\. ADDRESS 


vi 
Pn Vit 
; tcac 
ore > 
HIGH 
. Vou ©) IMPEDANCE VALID 
OUT Vo, (4) DATA OUT 


Notes: 1,2. Viymin and Vi_MAx are reference levels for measuring timing of input signals. 
3,4. VOHMIN and VoLMaAx are reference levels for measuring timing of DOUT- 


5. tore is measured to IOUT < litol. 
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2116 FAMILY 


Refresh Cycle Waveforms 


~« 


CAS BEFORE RAS CYCLES. (64 CYCLE REFRESH) 


Vin 
ADDRESSES 
Ay-A 

0°°S 
Vit 


~teye 


‘RASS 


RAS 


tcrp 


CAS 


Vin 
ADDRESSES 
A,-A 

o Ag 
Vit 


tcyc 


tae ——____> 


Notes: 1,2. Vinmin and Vi_max are reference levels for measuring timing of input signals. 


3. CAS must be high or low as appropriate for the next cycle. 


Applications Information 
REFRESH MODES 


The 2116 may be refreshed in any of three modes. 
Read/Refresh cycles and RAS-only cycles refresh the row 
addressed by Ao through Ags and therefore require 128 
cycles to refresh the stored data. Assuming a 500 nsec 
system cycle time, the refresh operations require 64 usec 
out of each 2.0 msec refresh period or 3.2% of the available 
memory time. The third 2116 refresh mode, CAS-before- 
RAS, allows refresh of the stored data in only 64 cycles and 
requires only 32 usec or 1.6% of the available memory time 
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(equal to the 64-cycle refresh 4K RAMs). While some 2116 
aplications would not be impacted by the 3.2% memory 
lockout time using 128 cycle refresh, most large mainframe 
memory applications would suffer throughput degradation 
in that refresh mode. Intel designed the 2116 to allow either 
128-cycle or 64-cycle refresh, allowing the system designer 
to choose the refresh mode which fits his system needs. In 
addition to allowing higher memory throughput, the CAS- 
before-RAS 64-cycle refresh mode dissipates approxi- 
mately 14% less power than the 128-cycle RAS-only mode 
and 23% less power than the 128-cycle Read/Refresh mode 
(refer to the Standby Power Calculation section). 


2116 FAMILY 


POWER SUPPLY DECOUPLING/ 
DISTRIBUTION 


Power supply current waveforms for the 2116 are shown in 
Figure 3. The Vpp supply provides virtually all of the 
operating current for the 2116. The Vpp supply current, 
lpp, has two components: transient current peaks when the 
clocks change state and a DC component while the clocks are 
active (low). When selecting the decoupling capacitors for 
the Vpp supply, the characteristics of capacitors as well as 
the current waveform must be considered. Suppression of 
transient or pulse currents require capacitors with small 
physical size and low inherent inductance. Monolithic and 
other ceramic capacitors exhibit these desirable character- 
istics. When the current waveform indicates a DC compo- 
nent, bulk capacity must be located near the current load to 
supply the load power. Inductive effects of PC board traces 
and bus bars preclude supplying the DC component from 
bulk capacitors at the periphery of a memory matrix without 
voltage droop during the active portion of a memory cycle. 
This means that some bulk capacity in the form of electro- 
lytic or large ceramic capacitors should be distributed around 
or within the memory matrix. 


The Vgg supply current, Ipp, has high transient current 
peaks, with essentially no DC component (less than 400 
microamperes). The Vgg capacitors should be selected for 
transient suppression characteristics. The following ca- 
pacitance values and locations are recommended for the 
2116: 


1. A 0.33 uF ceramic capacitor between Vpp and Vgs 
(ground) at every other device. 


2. AO.1 uF ceramic capacitor between Vgp and Vss at every 
other device (preferably alternate devices to the Vpp 
decoupling above). 


3. A 4.7 uF electrolytic capacitor between Vpp and Vss for 
each eight devices and located adjacent to the devices. 


The Vcc supply is connected only to the 2116 output buffer 
and is not used internally. The load current from the Vcc 
supply is dependent only upon the output loading and is 
usually only the input high level current to a TTL gate and 
the output leakage currents of any OR-tied 2116s (typically 
100 uA or less total). Intel recommends that a 0.1 or 0.01 uF 
ceramic capacitor be connected between Vcc and Vss for 
every eight devices to preclude coupled noise from 
affecting the TTL devices in the system. 


Intel recommends a power supply distribution system such 
that each power supply is grided both horizontally and 
vertically at each memory device. This technique minimizes 
the power distribution system impedance and enhances the 
effect of the decoupling capacitors. 
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OUTPUT DATA LATCH 


The 2116 contains an output data latch eliminating the need 
for an external system data latch and the timing circuitry 
required to strobe an external latch. The 2116 output latch 
operates identically to the output latch found on all industry 
standard 16-pin, 4K RAMs and enhances the system com- 
patibility of the 16K and 4K devices. 


Operation of the output latch is controlled by CAS. The data 
output will go to the high-impedance state immediately 
following the CAS leading edge during each data cycle and 
will either go to valid data at access time on selected devices 
(devices receiving both RAS and CAS) or will remain in the 
high impedance state on unselected devices (devices 
receiving only CAS). During RAS-only refresh cycles, the 
data output remains in the state it was prior to the RAS-only 
cycle. This unique feature of latched output RAMs allows a 
refresh cycle to be hidden among data cycles without 
impacting data availability. For instance, a RAS-only 
refresh cycle could follow each data cycle in a 
microprocessor system but the accessed data would 
remain at the device output and the microprocessor could 
take the data at any time within the cycle. Non-latched 
output devices do not provide this type of hidden refresh 
capability since their data output would go to the high 
impedance state at the end of the data cycle. 


PAGE MODE OPERATION 
The 2116 is designed for page mode operation and is 
presently being characterized for that mode. Specifications 
will be available at a later date. 


a ® Ly hap / NV, Pee, iy 
! ntel “Wty Op "7 Vem 


2147 ae 
4096 X 1 BIT STATIC RAM 


™@ 60 to 90 ns Access Time = Identical Cycle and Access Times 


m@ Low Operating Power Dissipation @ No Clock or Timing Strobe Required 
900 mW Typical = Completely Static Memory 

= Low Standby Power Dissipation = Directly TTL Compatible — All Inputs 
SO mW Typical and Outputs 

m Single +5V Supply = Separate Data Input and Output 

= High Density 18-Pin Package m Three-State Output 


The Intel® 2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using N-channel Silicon- 
Gate MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features associated 
with non-clocked static memories and the reduced standby power dissipation associated with clocked static memories. To 
the user this means low standby power dissipation without the need for clocks, address setup and hold times, nor reduced 
data rates due to cycle times that are longer than access times. 


CS controls the power down feature. In less than a cycle time after CS goes high — deselecting the 2147 — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
There is no minimum CS high time for device operation, although it will determine the length of time in the power down 
mode. When CS goes low — selecting the 2147 — the 2147 automatically powers up with no performance penalty. The 
access time from Chip Select is equivalent to the access time from an address transition with the chip selected. 


The 2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

1 

me > aan “ 

po = ono 
(3) 

me >a Ne MEMORY ARRAY 

A3 © a ee 64 COLUMNS 
¢ 5 2 

Ag o >a 

As © >a 


@ S Loieooeeees  @ 
PIN NAMES 


Ao—Ai1 ADDRESS INPUTS Vec POWER (+5V) 


WE WRITE ENABLE GND GROUND : F i 
cs CHIP SELECT | pe ST el a 
Din DATA INPUT AWAWAWAC AW A' 
@ Gs) aa) 
Ag Az Ag Ag Aro Ari 
TRUTH TABLE an : 
oe 


H]| X NOT SELECTED | HIGHZ | STANDBY 
L L WRITE HIGH Z ACTIVE 
L H READ Dout ACTIVE 
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intel 3101, 3101A 


16 x 4 BIT HIGH SPEED RAM 


= Fast Access Time --35 nsec. max. = OR-Tie Capability -- 
over 0-75°C Temperature Range. Open Collector Outputs. 
(3101A) 
= Fully Decoded -- on Chip Address 
= Simple Memory Expansion through Decode and Buffer. 
Chip Select Input--17 nsec. max. eo 
over 0-75°C Temperature Range. = Minimum Line Reflection -- Low 
(3101A) Voltage Diode Input Clamp. 
= DTL and TTL Compatible -- Low = Ceramic and Plastic Package -- 
Input Load Current:0.25mA. max. 16 Pin Dual In-Line Configuration. 


The Intel’3101 and 3101A are high speed fully decoded 64 bit random access memories, organized 16 words 
by 4 bits. Their high speed makes them ideal in scratch pad applications. An unselected chip will not generate 
noise at its output during writing of a selected chip. The output is held high on an unselected chip regardless 
of the state of the read/write signal. 


The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher perfor- 
mance than equivalent devices with gold diffusion processes. 


The Intel 3101 and 3101A are packaged in either hermetically sealed 16 pin ceramic packages, or in low cost 
silicone packages, and their performance is specified over a temperature range from O°C to 75°C. 


The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads. 
A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied. 


In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at 
the data leads to be entered at the addressed storage cells. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
ADDRESS INPUT Ay 16f J Vee Ao 
CHIPSELECT CSC] 2 15 [J A, ADDRESS INPUT 


16 x 4 MEMORY 


WRITE ENABLE WE (_] 3 4p) A, ADDRESS INPUT CELL ARRAY 


ADDRESS BUFFER 
1/16 DECODER 


DATA INPUT 0, ($4 13 f J] A, ADDRESS INPUT 
DATA OUTPUT 0, [ Fs 120 J D, DATA INPUT 
DATA INPUT D, is 0, DATA OUTPUT 


DATA OUTPUT 0, 10 (7) D, DATA INPUT 


° WRITE AND SENSE 
: AMPLIFIER 
O = Pin Numbers O 


cno C48 9 {J 0, DATA OUTPUT 


D, 0; Dz Op Dz 03 Dy Oy 


TRUTH TABLE 


PIN NAMES [cup | WRITE | 


[ secter | euaece | OTERATION | ourrUT 


{ 

3 

| 

~ LOW HIGH READ | COMPLEMENT OF | 

. | WRITTEN DATA | 
“HIGH | LOW - _ HIGH 

_ HIGH | HIGH | - - | HIGH 


=H 
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3101, 3101A 


Absolute Maximum Ratings * 


—65°C to +125°C 
—65°C to +75°C 


—65°C to +160°C 
—0.5 to +7 Volts 
—1.0 to +5.5 Volts 
100 mA 


Ceramic 
Plastic 


Temperature Under Bias: 


Storage Temperature 

All Output or Supply Voltages 
All Input Voltages 

Output Currents 


“COMMENT: 


Stresses above those listed under ‘‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D.C. Characteristics 1, = 0°C to +75°C, Vo. = 5.0V +5% 


SYMBOL PARAMETER 


ADDRESS INPUT LOAD CURRENT 


TEST CONDITIONS 
=5.25V, V, =0.45V 


DATA INPUT LOAD CURRENT 


=5.25V, V, =0.45V 


WRITE INPUT LOAD CURRENT | 


Vec 
Voc 
Veco 


=8.26V, Vy =0.45V 


~ CHIP SELECT INPUT LOAD CURRENT 


Veg =5-25V, Ve =0.45V 


WRITE INPUT LEAKAGE CURRENT 


CHIP SELECT INPUT LEAKAGE CURRENT 


ADDRESS INPUT CLAMP VOLTAGE 
DATA INPUT CLAMP VOLTAGE 


WRITE INPUT CLAMP VOLTAGE | 
CHIP SELECT INPUT CLAMP VOLTAGE 
OUTPUT “LOW” VOLTAGE a 


OUTPUT LEAKAGE CURRENT 


POWER SUPPLY CURRENT 
INPUT “LOW” VOLTAGE 


INPUT “HIGH” VOLTAGE 


Typical Characteristics 


OUTPUT CURRENT 
VS. OUTPUT “LOW” VOLTAGE 


40 


INPUT CURRENT 
VS. INPUT VOLTAGE 


2.5 


i 
) 


INPUT THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 


~~ 
o 


aq 30 

E q 

ie = 

i : 

oe iu 

5 20 x10 
o > 

= Oo 

= = 

e - 

) 3 

© 10 ——150 


0.2 0.4 


0.6 
OUTPUT VOLTAGE (V) 


0.8 


=" 
(=) 


INPUT THRESHOLD VOLTAGE (Vv) 


INPUT VOLTAGE ({V) 
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0 25 50 
AMBIENT TEMPERATURE (°C) 


75 


3101, 3101A 


Switching Characteristics 


I 
Conditions of Test: | 15 mA Test Load vec 
Input Pulse amplitudes: 2.5V : 3002 
Input Pulse rise and fall times of 
5 nanoseconds between 1 volt ! 
and 2 volts 30pF 600 2 
Speed measurements are made at 1.5 volt levels 
Output loading is 15mA and 30 pF | = 
READ CYCLE WRITE CYCLE 


Address to Output Delay 


Ag, Ay, Az, Az: 


CHIP SELECT INPUT 


Sy oe 


on om fs oe oe oD | 


Data may™ | 


| aumww 


01, 05, 03, O4 D,, Dy, D3, Dg 


¢ 


os oe oe a ow ow oe oe es mo be 


Chip Select to Output Delay 


\ 

CHIP SELECT INPUT 

| 

{ 

| 

| 

| 

| WRITE INPUT 

| 


= =< >18ns | 


| 
| | 
0,, 05, O72, O 
ag ae Pate ee Ona 
CHIP SELECT INPUT : (Selected Chips) * 


a tSR |< 
| (See Note 1) 


01,09, 03, 04 


*Outputs of unselected chips remain high during write cycle. 


NOTE 1: tor |s associated with a read cycle following a write cycle and does not affect the access time. 


A.C. Characteristics T, = 0°C to +75°C, Voc = 5.0V +5% 


WRITE CYCLE 


SYMBOL TEST LIMITS (ns) LIMITS (ns) 


Sense Amplifier 35 
Recovery Time 


READ CYCLE 


SYMBOL PARAMETER 
’ ts 


Chip Select to Output 
Delay 


Address to Output 
Delay 


Data-Write Overlap 
Time 


Write Recovery Time 


CAPACITANCE? = T, = 25°C 


Write Pulse Width 25 


Cin INPUT CAPACITANCE 10 pF 
(All Pins) maximum 


Court OUTPUT CAPACITANCE 12 pF 
maximum 


NOTE 2: This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, Vbjas 
= 2V, Vcc = OV, and Ta = 25°C. 
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3101, 3101A 


Typical A.C. Characteristics 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
VS. vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


5.0V + 5% 


Vec = 5.0V 45% 
cc > 
C, = 30 pF 


C, = 30pF 


ADDRESS TO OUTPUT DELAY (ns) 


CHIP SELECT TO OUTPUT DELAY (ns) 


0 25 50 75 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
ADDRESS & CHIP SELECT TO OUTPUT DELAY WRITE PULSE WIDTH & SENSE 
VS. AMPLIFIER RECOVERY TIME 
LOAD CAPACITANCE VS. AMBIENT TEMPERATURE 


Vee = 5.0V +5% 
D.C. LOAD = 15 mA 
Tp = 25°C 


WRITE PULSE WIDTH AND SENSE 
AMPLIFIER RECOVERY TIME (ns) 


ADDRESS AND CHIP SELECT DELAY (ns) 


0 25 50 75 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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intel 3104 


16 BIT CONTENT ADDRESSABLE MEMORY 


= Organization —4 Words x 4 Bits — # Low Input Load Current— 
= Max. Delay of 30 nsec Over 0°C 0.25 mA max. 
to 75°C Temperature = DTL & TTL Compatible 
= Open Collector Outputs — OR Tie = Bit Enable Input — Bit Masking 
Capability = Standard 24 Pin Dual In-Line 
= High Current Sinking Capability — 
15 mA max. 
The Intel®3104 is a high speed 16 bit Content Ad- to indicate a match when these data are identical. 
dressable Memory (CAM). It is a linear select 4 word This equality search is performed on all bits in par- 
by 4 bit array which is designed to compare data on allel. The 3104 can also be used as a read/write RAM 
its inputs with data already stored in its memory and with linear selection addressing. 


a 


PIN CONFIGURATION LOGIC SYMBOL 


al 


WRITE ENABLE 24 1 Vcc SUPPLY VOLTAGE 5 43 2 202122 23 


*DATAINPUT 0, 23 {J E, BIT ENABLE INPUT 

DATAINPUT D, 22 (OE, BIT ENABLE INPUT Dj Di, By. EE) Exe 

DATAINPUT D, 21) E, BIT ENABLE INPUT d WE 

DATAINPUT By 20 [FJ E, BIT ENABLE INPUT om 
MATCH OUTPUT M 19 CA, ADDRESS INPUT iS yt 2 
MATCH OUTPUT ™,[(}7 18.7) A, ADDRESS INPUT 7 pea 8 
MATCH OUTPUT M, [1] 8 177) A, ADDRESS INPUT 18 7 
MATCH OUTPUT MM, (-}9 16 [7] A, ADDRESS INPUT 19 6 
MATCH OUTPUT ™M, [_] 10 15{[)6, DATA OUTPUT 
*DATA OUTPUT 0,((J11 14[7)0, DATA OUTPUT Vec= PIN 24 

GROUND GRD} 12 13{7) 0, DATA OUTPUT a Ae aA: 


*DATA IN and DATA OUT are of the same logic !evels. For a chip that is not selected, the data output is 
at a high level. 


LOGIC DIAGRAM 


Eg 


Do 


2-109 


3104 


Absolute Maximum Ratings* 


“COMMENT: 
Temperature Under Bias —65°C to +125°C ; , 

e 3 Stresses above those listed under ‘Absolute Maximum 
Storage Temperature —65° C to +160°C Rating’’ may cause permanent damage to the device. This 
All Output or Supply Voltages —0.5 to +7 Volts is a stress rating only and functional operation of the device 
All Input Voltages SACO tot Se Wolis at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 
Output Currents 100 mA Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D. C. Characteristics Ty = O°C to +75°C, Veg = 5.0V +5%; unless otherwise specified. 


TEST 
SYMBOL PARAMETER : ‘ : CONDITIONS 


tea ADDRESS INPUT LOAD CURRENT Voc = 5.25V Va, = .45V 


lee BIT ENABLE INPUT LOAD CURRENT : Voc = 5.25V V_e =.45V 


WRITE ENABLE INPUT LOAD CURRENT 


DATA INPUT LOAD CURRENT 


ADDRESS INPUT LEAKAGE CURRENT 


BIT ENABLE INPUT LEAKAGE CURRENT 


WRITE ENABLE INPUT LEAKAGE CURRENT 


DATA INPUT LEAKAGE CURRENT 


OUTPUT LEAKAGE CURRENT 
(ALL OUTPUTS) 


OUTPUT “LOW” VOLTAGE 
(ALL OUTPUTS) 


INPUT “LOW” VOLTAGE (ALL INPUTS) 


INPUT “HIGH” VOLTAGE (ALL INPUTS) 


POWER SUPPLY CURRENT Vcc = 5.25V OUTPUTS HIGH 


INPUT CAPACITANCE ; Vin = +2.0V, Veg = 0.0V 
= 1 MHz 


OUTPUT CAPACITANCE Vout = +2.0V, Vee = 0.0V 
f= 1 MHz 


**This parameter is periodically sampled and is not 100% tested. 


Typical D.C. Characteristics 


INPUT CURRENT VS. INPUT THRESHOLD VOLTAGE OUTPUT CURRENT VS. 


INPUT VOLTAGE VS. TEMPERATURE OUTPUT “LOW” VOLTAGE 
2.0 


1.5 


INPUT CURRENT (yA) 
OUTPUT CURRENT (mA) 


o 


INPUT THRESHOLD VOLTAGE (Vv) 
f=) 


-1 0 1.0 2.0 3.0 4.0 0 25 50 75 0 2 4 6 8 1.0 
INPUT VOLTAGE (Vv) AMBIENT TEMPERATURE ('C) OUTPUT “LOW” VOLTAGE (V) 
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3104 


Switching Characteristics 


Conditions of Test: 15mA Test Load Vee 
Input Pulse amplitudes - - 2.5V 
3002 
Input pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 
30pF 60022 


Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 


BIT ENABLE 
INPUT 


tom 


MATCH 
OUTPUT 


MATCH 

OUTPUT MATCH 
DATA 
MODE 

DATA co : 

INPUT | 


| FS eg ee ine NO 
| 


ADDRESS 


INPUT READ 


DATA 
MODE 


WRITE 
DATA 
MODE 


DATA 
OUTPUT 


ADDRESS AND 
|<———>|— t= Ons t- Ons 
BIT ENABLE | | | 
INPUT 
WRITE 


ENABLE 
INPUT 


DATA 
INPUT 


DATA 
OUrP UT 


SYMBOL 


ADDRESS INPUT TO OUTPUT DELAY 
WRITE ENABLE PULSE WIDTH 
SET-UP TIME ON DATA INPUT - 


RELEASE TIME ON DATA INPUT a a re, 


Note 1. Typical values are at nominal voltages and Tp = 25°C. 
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3104 


Typical A.C. Characteristics 


BIT ENABLE INPUT TO MATCH OUTPUT DATA INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE DELAY VS. TEMPERATURE 


DATA INPUT TO MATCH OUTPUT DELAY (ns) 


BIT ENABLE INPUT TO MATCH OUTPUT DELAY (ns) 


0 25 50 75 0 25 50 75 
AMBIENT TEMPERATURE ('C) AMBIENT TEMPERATURE (’C) 
ADDRESS INPUT TO DATA OUTPUT WRITE ENABLE PULSE WIDTH 
DELAY VS. TEMPERATURE VS. TEMPERATURE 


ADDRESS INPUT TO DATA OUTPUT DELAY (ns) 
WRITE ENABLE PULSE WIDTH (ns) 


0 25 50 75 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C} 
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5101 FAMILY 
256 X 4 BIT STATIC CMOS RAM 


P/N Typ. Current @ 2V Typ. Current @ 5V Max Access 
(uA) (UA) (ns) 
5101L 0.14 0.2 650 
5101L-1 0.14 0.2 450 
—5101L-3.. 070. #70 +4650 

5101-8 —— 10.0 800 
s Single +5V Power Supply » Directly TTL Compatible: 
= Ideal for Battery All Inputs and Outputs 


Operation (5101L) a» Three-State Output 


The Intel® 5101 is an ultra-low power 1024-bit (256 words X 4 bits) static RAM fabricated with an advanced ion-implanted 
silicon gate CMOS technology. The device has two chip enable inputs. Minimum standby current is drawn by this device when 
CE2 is at a low level. When deselected the 5101 draws from the single 5-volt supply only 10 microamps. This device is ideally 
suited for low power applications where battery operation or battery backup for non-volatility are required. 


The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is read 
out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 5101 
has separate data input and data output terminals. An output disable function is provided so that the data inputs and outputs may 
be wire OR-ed for use in common data !/O systems. 


The 5101L has the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 volts. 


A pin compatible N-channel static RAM, the Intel® 2101A, is also available for low cost applications where a 256 X 4 organiza- 
tion is needed. 


The Intel ion-implanted, silicon gate, Complementary MOS (CMOS) process allows the design and production of ultra-low power, 
high performance memories. 


PIN CONFIGURATION LOGIC SYMBOL 


BLOCK DIAGRAM 


2 


N ‘anil 


CELL ARRAY 
32 ROWS 
32 COLUMNS 


Ww 


bP >> DP PP pb 
a ng 


> O 
cE ae DD as 
(ENABLE) [7 7 


COLUMN I/O 
CIRCUITS 


COLUMN 
DECODER 


(EN. COLUMN 
SELECT | 
BUFFERS 


TRUTH TABLE 


[cea] op | Rw | Din | Output 
x x 


Xx High Z 


Not Selected 
Not Selected 
Output Disabled 
Write 

Write 

Read 


x x x KK 


C) = PIN NUMBERS 
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9101 FAMILY 


Absolute Maximum Ratings * 


Ambient Temperature Under Bias.... . -10°C to 80°C 
Storage Temperature .......... -65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground .... -0.3V to Vec +0.3V 
Maximum Power Supply Voltage ......... +7.0V 
Power Dissipation ................... 1 Watt 


D. C. and Operating Characteristics 


Ta = O°C to 70°C, Voc = 5V £5% unless otherwise specified. 


5101L and 5101L-1 
Limits 


Symbol Parameter 
Ip 2f2! 


Il, l2]| Output Leakage Current 


Input Current 


lect Operating Current 9 22 


lcc2 Operating Current 13 27 


Standby Current 


lec [2] 


Vi Input High Voltage 
VoL Output Low Voltage 


Vou Output High Voltage 2.4 


Min. Typ.[1] Max.}/Min. Typ.[1] Max.|Min. Typ.[1] Max. 


oy) 
—, 

oO 
—_ 

oO 
NO 

> 


Miu 0.3 0.65 
Input High Voltage | 2 


“COMMENT: 


Stresses above those listed under "Absolute Maximum 
Rating |’ may cause permanent damage to the device. This 
is a Stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


5101-8 
Limits 


5101L-3 
Limits 


Units Test Conditions 


eo) 
I) 
N 
— 
—_ 
N 
on 
S 

> 


LA CE1=2.2V, Vout= 
Oto Vcc 
Vin=Vcc, Except 
CE1 <0.65V, 
Outputs Open 


13° 37 15 30: -| mA | Viny=2.2V, Except 


CE2 <0.2V, Ta= 
70°C 


Low Vcc Data Retention Characteristics (For 5101L, 5101L-1 and 5101L-3) T, = 0°Cto 70°C 


Current CE2<0.2V Ta=70°C 
Ta=70°C 
*_[emmenteomrin wee [Def 
NOTES: 


1. Typical values are Tp = 25°C and nominal supply voltage. 


2, Current through all inputs and outputs included in Icc@,_ measurement. 


3.  tRe = Read Cycle Time. 
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5101 FAMILY 


Low Vcc Data Retention Waveform Typical Iccpr Vs. Temperature 


DATA RETENTION 
MODE 


SUPPLY ss 
VOLTAGE (Vcc) Q 4.75V g 
Vor As 
@ @ Vu 8 

CHIP ENABLE (CE2) @ 0.2v 


TEMPERATURE (°C) 


A.C. Characteristics Ta = 0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


READ CYCLE 
Ee mi 
5101L-1 5101L-3 5101-8 
Limits (ns) Limits (ns) Limits (ns) 
Symbol Parameter Min. Max. Min. Max. Min. Max. 
tco2 850 
top 450 
Respect to Chip Enable 
WRITE CYCLE 
tew2 Chip Enable (CE 2) to Write 350 550 650 
tow Data Setup 250 4002 450 
ae Data Hold 100 100 


we | Write Puls 260 400 SSS~*S «BO 


. 2 | 
A. C. CONDITIONS OF TEST Capacitance’ +, - 25°C, - imHe 
Input Pulse Levels: +0.65 Volt to 2.2 Volt 


Limits (pF) 
Input Pulse Rise and Fall Times: 20nsec Symbol Max 
Timing Measurement Reference Level: Lo Voit Input Capacitance 4 
Output Load: 1 TTL Gate and C, ~ 100pF (All Input Pins) Vin = OV 


Output Capacitance Voyt = OV 8 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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5101 FAMILY 


Waveforms 


READ CYCLE WRITE CYCLE 


CE2 é 


OD oD 
(COMMON 1/0)! (COMMON 1/0)!2} 


DATA DATA OUT DATA 
OUT VALID IN 
RW 
NOTES: 


1. OD may be tied low for separate I/O operation. 


2. During the write cycle, OD is ‘‘high’’ for common 1!/O and 
“don’t care" for separate |/O operation. 
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oC M 
intel TARY Temp 


M5101-4, M5101L-4 
256 x 4 BIT STATIC CMOS RAM 


# Military Temperature #® Fast Access Time—800ns 
Range: =» Single +5V Power Supply 
—55°C to #125°C =» CE2 Controls Unconditional 

® Ultra Low Standby Standby Mode 
Current: 200 nA/Bit = Three-State Output 


The Intel® M5101 is an ultra-low power 256 X 4 CMOS RAM specified over the -55°C to +125 C temperature range. The RAM 
uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. When deselected with CE2 low, the 
M5101 draws from the single 5-volt supply only 200 microamps at 125°C. 


The Intel® M5101 is fabricated with an ion-implanted, silicon gate, Complementary MOS (CMOS) process. This technology allows 
the design and production of ultra-low power, high performance memories. 


as en Absolute Maximum Ratings 

Ambient Temperature Under Bias... -65°C to 135°C 
Storage Temperature .......... -~65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground .... -0.3V to Vec +0.3V 
Maximum Power Supply Voltage ......... +7.0V 
Power Dissipation .................0.. 1 Watt 

1 00, 
ee Bee "COMMENT: 


D1, 003 
004 Stresses above those listed under "Absolute Maximum 
Rating'' may cause permanent damage to the device. This 
is a Stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


| 
Ay-A, ADDRESS INPUTS [| 00,-DO,0ATA OUTPUT | Exposure to absolute maximum rating conditions for ex- 
RW READMRITE INPUT |TV, POWER !*5V1 7 . : aes 
ET_CE2 CHIP ENABLE H tee ROMER tended periods may affect device reliability. 


R/iW CE2 CE} 


D. C. and Operating Characteristics for M5101-4, M5101L-4 


Ta = -55°C to 125°C, Voc = 5V +5% unless otherwise specified. 


Parameter 


Output High Leakage 


tLo_!2! | Output Low Leakage 

lec Operating Current 
Operating Current 
Standby Current 


Input ‘“‘Low’”’ Voltage 

Input ‘‘High’’ Voltage 

Output “Low” Voltage 
VOH 


Output ‘‘High” Voltage 


Test Conditions 
Vin =0 to 5.25V 
CE1=2.2V, Voyr=0.0V 


Vin =Vec Except CE1 <0.01V 
Outputs Open 


Vin =2.2V Except CE1 <0.5V 
Outputs Open 


N 
oO 
3 

> 


OO 
NO 


Vin =0 to Vcc, Except 
CE2 <0.2V 


=o 
QO o1 


NOTES: 1. Typical values are Ta = 25°C and nominal supply voltage. 2. Current through all inputs and outputs included in Ice . 
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M5101-4, M5101L-4 My 


Pages Vec for Data Retention 


CE2 <0.2V 
IccpR Data Retention Current 2 Vopr =2.0V 
Chip Deselect to Data Retention 
‘cDR Time 


Pelt Operation Recovery Time trc/2! 


NOTES: 1. Typical values are Ta = 25°C and nominal supply voltage. 
2. tre = Read Cycle Time. 


A.C. Characteristics for M5101-4, M5101L-4 
READ CYCLE Ta =-55°C to 125°C, Voc = 5V +5%, unless otherwise specified. 


[symict [Parmeter Sdn 
ae | ee et 
Tin [AecessTime —SSSCS~C~—~—~—SSCSC*” 
eae Enable (CE2) to Output 


ee 
ee 
a0 ns 
80 ns 
ee ae ee ao 


(See below) 


t Previous Read Data Valid with 
OH" Respect to Address Change 
t Previous Read Data Valid with 
OH2 Respect to Chip Enable 
WRITE CYCLE 


Test Conditions 


(See below) 


A. C. CONDITIONS OF TEST Capacitance’, = 25°c, f= 1mHz 

Input Pulse Levels: 0.5 Volt to Vec-2.0 Volt 

Input Pulse Rise and Fall Times: 20nsec Max. 

Timing Measurement Reference Level: 1.5 Voit Cin Input Capacitance 

Output Load: 1 TTL Gate and C, = 100pF i (All Input Pins) INE = OV net 
[cour | Ourpur Capacitance Vour ov | 8 | 12 


NOTE: 3. This parameter is periodically sampled and is not 100% tested. 
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msio1-4,msto1-4 =| MIL yy. 


WRITE CYCLE 

READ CYCLE a en 
——=teg1: = ton. — 

Ci : CE1 

CE2 a | CE2 

OD OD 

(COMMON 1/0) [11 (COMMON 1/0) [2! 
a te Ma «+ tor Mia 
DATA DATA OUT DATA 
OUT VALID IN 


NOTES: 1. OD may be tied low for separate |/O operation. 
2. During the write cycle, OD is “‘high”’ for common 1/O and 
“don't care” for separate I/O operation. 


Low Voc Data Retention 


DATA RETENTION 
MODE 


4.75V 


@) 
(2) VpR 
@ 
@ 


SUPPLY VOLTAGE (Veg) 


ViH 
0.2V 


CHIP ENABLE (CE2) 
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MOS ROM AND PROM FAMILY 


Maximum Operating 
No. Maximum Power Temperature 
of Access Dissipation Range — 
Type Bits | Organization a (°C) 


8192 1024x8 0 to 70 5V + 5% 
12V + 5% 
-5V + 5% 


2048 256x8 T.S. Tus —- to 70 Oe + 5% 
-9V + 5% 


MOS ROM 


SILICON GATE 


2048 256x8 24 0 to 70 BV + 5% 
-OV + 5% 
2048 256x8 24 1.5 us 0 to 70 5V + 5% 
-OV + 5% 
M1702A 2048 256x8 -55to 100 | 5V + 10% 
-9V + 10% 
1702AL nae eee SS 0 to 70 5V + 5% 
-9V + 5% 

3-11 
1702AL-2 hac Reauil 0 to 70 BV + 5% 
-OV + 5% 


2704 4096 512x8 24 0 to 70 5V + 5% 
12V + 5% 3-24 
ilk al Ul Se ae -5V + 5% joe 
2708 8192 1024x8 0 to 70 5V + 5% 
12V +5% 
-5V + 5% 
3-24 
2708-1 8192 1024x8 800 0 to 70 5V + 5% 
12V + 5% 
-5V + 5% 


SILICON GATE MOS PROM 


M2708 8192 1024x8 -55 to 100 SV + 10% 
12V + 10% 
-5V + 10% 


2716 16384/  2048x8 p24] ts. | 450 | 525/132121 0 to 70 BV + 5% 
Notes: 1. O.C. and TS are open collector and three-state 
output respectively. ROM and PROM Programming Instructions 3-55 


2. The 2716 has a standby power down feature. 


BIPOLAR PROM FAMILY 


Maximum Operating 
a Maximum Power Temperature 
Access Dissipation Range 
‘— Organization ~ — (°C) No. 


Pes [ wee fw [og |p ee [owe [ose] 
pee Caer pe [rs [mf [ oer faa * 
Pe Pee [sD (mee Sees aveew [ae 
2048 eae 0 to 75 | 5V + 5% 
2048 a a 01075 | 5V+5% | 
ete 
— 


— 


3604AL | 4096 0 to 75 
3604 4096 0 to 75 
3604-4 4096 0 to 75 
3604L-6 | 4096 0 to 75 


— 
o>) 


3624A-2 4096 | 0to7s to 75 5V + 5% 
[aoe [sme [ee [ooo | 0 [aro fav sion 
a 
re eae feet 
4096 | 1024%4 Bh bee | oto7s | to 75 


g192 | 1024x8 eae - aie 75 a 


Notes: 1. O.C. and T.S. are open collector and three-state 
Output respectively. ROM and PROM Programming Instructions 
2. The 3604AL and 3604L-6 have a low power 


dissipation feature. 
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BIPOLAR PROM CROSS REFERENCE 


Intel Part Number 
Direct For New 


Intel Part Number 
For New 


Part Prefix and 
Number Manufacturer 


Part Prefix and 
Number Manufacturer 


Organization 


Organization Direct 


(1) 


10244 
1024A-2 
1024A5 


27810C 
27S10M 
27S11C 
27S11M 


54$387 
54S387 


5603AC 
5603AM 
5604C 
5605C 
5623C 
5624C 
5625C 


748287 


HPROM—Harris 
HPROM—Harris 
HRPOM—Harris 


SN—TI 


DM—National 


IM—lIntersil 
!M—Intersil 
IM—lIntersil 
IM—tntersil 
IM—Intersil 
IM—Intersil 
(M—Intersil 


SN-TI 


1024 x 4 
1024 x 4 
1024 x8 
1024 x 8 


Replacement 


3602A-2 
3622A-2 


Designs 1 


825115 
828115 
828126 
828126 
828129 
828130 
828131 
828140 
828141 
828136 
828137 
82S180 
82S181 
828184 
828185 


8573 
8574 
87S295 
87S296 


93416C 
93416M 
93426C 
93436C 
93438C 
93438M 
93446C 
93448C 
93448M 
93452C 
93453C 


N—Signetics 
S—Signetics 
N—Signetics 
S—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 
N—Signetics 


DM—National 
DM—National 


National 
National 


Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 
Fairchild 


512x8 
512 x8 
256 x 4 
256 x 4 
256 x 4 
512x 4 
512 x 4 
512 x8 
512 x8 
1024 x 4 
1024 x 4 
1024 x8 
1024 x8 
2048 x 4 
2048 x 4 


256 x 4 
256 x 4 
256 x 4 
512 x4 
512 x8 
512 x8 
512 x4 
512 x8 
512 x8 
1024 x 4 
1024 x 4 


Replacement 


Designs 


. The Intel® PROMs have the same pin configuration and differ 
only in access time from the PROMs in the first column. The 
exceptions are the 6350, 6351. 82S115, and 82S184/85 which 


74S287 
748387 
748387 


DM—National 
SN-TI 
DM—National 


748472 
748473 
748474 
748475 
748570 
748571 


Tl 
Ti 
Tl 
Ti 
National 
National 


HM—Harris 
HM—Harris 
HM—Harris 
HM—Harris 
HM—Harris 
HM—Harris 
HM—Harris 
HM—Harris 
HM-—Harris 
HM—Harris 
HM— Harris 
HM—Harris 


1024 x4 
1024 x 4 
1024 x 4 
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have different pin configurations. 


intel 1702A 


2K (256 x 8) UV ERASABLE PROM 


1702A-2 | 0.65 us Max. 


1.0 us Max. 
1702A-6 1.5 us Max. 


= 
& 
$ 
Qa 


= Fast Access Time: Max. 650 ns =" Static MOS: No Clocks Required 
(1702A-2) = Inputs and Outputs DTL and 
=" Fast Programming: 2 Minutes TTL Compatible 
for all 2048 Bits = Three-State Output: OR-tie 
" All 2048 Bits Guaranteed* Capability 
Programmable: 100% Factory 
Tested 


The 1702A is a 256 word by 8-bit electrically programmable ROM ideally suited for uses where fast turn- 
around and pattern experimentation are important. The 1702A undergoes complete programming and function- 
al testing prior to shipment, thus insuring 100% programmability. 

Initially all 2048 bits of the 1702A are in the ‘’0” state (output low). Information is introduced by selectively 
programming ‘’1’’s (output high) in the proper bit location. The 1702A is packaged in a 24 pin dual in-line 
package with a transparent lid. The transparent lid allows the user to expose the 1702A to ultraviolet light to 
erase the bit pattern. A new pattern can then be written into the device. 

The circuitry of the 1702A is completely static. No clocks are required. Access times from 650ns to 1.5us are 
available. A 1702AL family is available (see 1702AL data sheets for specifications) for those systems requiring 
lower power dissipation than the 1702A. 

A pin-for-pin metal mask programmed ROM, the Intel 1302, is also available for large volume production runs 
of systems initially using the 1702A. 

The 1702A is fabricated with silicon gate technology. This low threshold technology allows the design and pro- 
duction of higher performance MOS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 


*I[ntel’s liability shall be limited to replacing any unit which fails to program as desired. 


PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM 
A2 Voo OATA OUT 1 DATA OUT 8 
; vec [AgrAy sd Adressinputs fe 
cs Chip Select Input _ 


Ag 


OUTPUT 
BUFFERS 


2048 BIT 
As PROGRAM ROM MATRIX 
(256 x 8) 


Vac DECODER 

*DATA OUT 84 11 (MSB) cs 
INPUT 
Vec 12 PROGRAM DRIVERS 


D —D Data Outputs 
*DATA QUT 1 OUT1 OUTS8 


*DATA OUT 2 


"DATA OUT 3 


*DATA OUT 4 


*DATA OUT 5 


*DATA OUT 6 


*DATA OUT 7 


“THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING A, A A 
o™1 7 


NOTE: !nthe read mode a logic 1 at the address inputs 
and data outputs is a high and logic 0 is a low. 


U.S. Patent No. 3660819 


1702A FAMILY 


PIN CONNECTIONS 

The external lead connections to the 1702A differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-11 respectively. The programming voltages and tim- 
ing are shown in the ROM and PROM Programming instructions section, page 3-55. 


12 13 14 15 16 22 23 24 
(Voc) | (Program) (CS) (Veep) | (Veg) (Vec) | (Vec) | (Vpp) 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ....... -10°C to +80°C “COMMENT 
S T Tne: 64.5554 eine dees —65°C to +125°C 
ese Aiea . m= Stresses above those listed under ‘‘Absolute Maximum Rat- 
Soldering Temperature of Leads (10sec) ........ +300°C See : ae 
ae ings’’ may cause permanent damage to the device. This is a 
Power Dissipation ......... 0.00. ee ee eee 2 Watts 


stress rating only and functional operation of the device at 


Read Operation: Input Voltages and Supply these or at any other condition above those indicated in 


Voltages with respect to Veg ..- +--+ --- +0.5V to —20V the operational sections of this specification is not implied. 
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex- 
Voltages with respect to Vag... ee ee ee eee —48V tended periods may affect device reliability. 


D.C. and Operating Characteristics 1, = 0°c to 70°c, Voc = +5V #5%, Vpp = -9V #5%, VGG =-9V +5%, 


READ OPERATION unless otherwise noted. 
1702A, 1702A-6 Limits 1702A-2 Limits 
Symbol Test Min. = Typ. [1] Max. Min. = Typ. 11 Max. Conditions 
hy Address and Chip Select VA | Vin = 0.0V 
Input Load Current 

Ippi!1! | Power Supply Current 35 50 40 60 mA | CS=Vin2, lo, = 0.0mA, 
Ta = 25°C, Continuous 

Ipp2 Power Supply Current 32 46 3/7 55 CS = 0.0V, Io, = 0.0mA, 
Ta = 25°C, Continuous 

Ipp3 Power Supply Current 38 60 43 65 CS = Vin2, lot = 0.0mA, 
Ta = 0°C, Continuous 

lcr1 Output Clamp Current 7 13 Vout = -1.0V, 
Ta = 0°C, Continuous 

IcF2 Output Clamp Current 7 13 Vout = -1.0V, 


Ta = 25°C, Continuous 


Vid Input Low Voltage V 
for TTL Interface 
Vito Input Low Voltage Vpop Vec-6 Vpp Vec-6 V 
for MOS Interface 
Vind | Addr. InputHigh Voltage | Vec-2 Vect0.3 | Vec-2 Vect0.3 
Vino Chip Sel. Input High Volt. | Voc-2 Vect0.3 | Vec-1.5 Vect0.3 
VoL __| Output Low Voltage PB 2 0.45 lot = 1.6mA 
Vou Output High Voltage 3.5 low = -200uA 


Note 1: Typical values are at nominal voltages and Ta = 25°C. 


3- 
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1702A FAMILY 


A.C. Characteristics 
T, =O°C to+70°C, Vi. =+5V 45%, Vi, =—-9V45%,Veg = —9V +5% unless otherwise noted 


1702A-2 1702A-6 
Limits Limits 


TEST TYPICAL MAXIMUM UNIT 
i 
" 


Vin = Vee All 

CS = Vec unused pins 

Vout = Vec are at A.C. 
ground 


*This parameter is periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 
Input pulse amplitudes: 0 to 4V; tp, te <50 ns 
Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpp<15 ns), CL=15pF 


B) DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 


_ CYCLE TIME 1/FREQ——> 
| 
Wu 10% Vin 
ADDRESS X| ADDRESS 
90% 
Vie 


A) READ OPERATION 


Oe. INVALID 
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1702A FAMILY 


Typical Characteristics 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
Vpp SUPPLY VOLTAGE TEMPERATURE 


Specified 
Operating Range 


lo, OUTPUT SINK CURRENT (mA) 
lo, OUTPUT SINK CURRENT (mA) 


o 


-5 =6). 37 -8 
Vpp SUPPLY VOLTAGE (Vv) 


10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE (°C) 


J 
w 


| 
w 
wm 


lon OUTPUT SOURCE CURRENT (mA) 
lo OUTPUT SOURCE CURRENT (mA) 


L 


OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE Ipp CURRENT VS. TEMPERATURE 


INPUTS = Voce 
OUTPUTS ARE OPEN 


~ 
ad 
fom) 


> 
—) 


! 


lo, OUTPUT SINK CURRENT (mA) 
> [os] 
o ° 
Ipp CURRENT (mA) 


0 20 «4002=S 60s 80—“‘i100-'=—=«*1220 
OUTPUT VOLTAGE (VOLTS) AMBIENT TEMPERATURE (°C) 
ACCESS TIME VS. ACCESS TIME VS. 
LOAD CAPACITANCE TEMPERATURE 


i e 
is 
=r, w 
Ww = 
= = 
; oe en a 
d i 
uu oO 
: S soo | +L vmuens 
: po i ae i 
0 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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intel 


M1702A 2K (256 x 8) UV ERASABLE PROM 
—55°C to +100°C OPERATION 


=» Fast Access Time: Max. 850 ns = All 2048 Bits Factory Tested 


= Completely Static Prior to Shipment s 
= Inputs and Outputs DTL » Three-State Output § 
and TTL Compatible = 24 Pin Dip 


The Intel® M1702A is a 256-word by 8-bit ultraviolet light erasable and electrically reprogrammable EPROM which is speci- 
fied over the -55°C to +100°C temperature range. The M1702A has a transparent lid which allows the user to expose the 
M1702A to UV light to erase the bit pattern. A new pattern can then be written into the device. 


————— eee eee 


: : = 
PIN CONFIGURATION Absolute Maximum Ratings 


is ie Ambient Temperature Under Bias ....... -65°C to 110°C 
hs ve Storage Temperature ............. —65°C to +125°C 
Soldering Temperature of Leads (10 sec) ........ +300°C 
ng "ee Power Dissipation ....................... 2 Watts 
BeEROgE Ag Read Operation: Input Voltages and Supply 
PDATA OUD 2 Aq Voltages with respect to Veg... 2 +0.5V to —20V 
‘DATA OUT 3 As Program Operation: Input Voltages and Supply 
“DATA OUT 4 Ag Voltages with respect to Veg... ee —48V 
*DATA OUT 5 Ad "COMMENT 
ae me s Stresses above those listed under ‘‘Absolute Maximum Rat- 
me ings’’ may cause permanent damage to the device. This is a 
ATELOUT 8 es stress rating only and functional operation of the device at 
Vec PROGRAM these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 

“REFER TO THE 17024 DATA SHEET FOR PIN: CONNECTIONS Y " ea 

DURING READ ANO PROGRAM tended periods may affect device reliability. 


“THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 


D.C. and Operating Characteristics 1, = -55°c to 100°C, Vec = +5V £10%, Vpp = -9V +10%, 


READ OPERATION Voc = -9V +10% unless otherwise noted. 
Symbol Test Min. Unit Conditions 


lo Address and Chip Select Input Load Current uA | Vin = 0.0V 


YA Vout = 0.0V,CS= Vin2 


—_— | 
oO |o 


ale 
ron) oO 
3 
> 


35 


ILo Output Leakage Current 


CS=Vin2, lot =0.0mA, 
Ta = 25°C, Continuous 


lpp1[1] Power Supply Current 


Ipp2 Power Supply Current 32 4 mA | CS=0.0V, lo, =0.0mA, 
Ta = 25°C, Continuous 
Ipp3 Power Supply Current 38 65 mA | CS=Vinp, loL=0.0mA, 
Ta = -55°C, Continuous 
Ic Output Clamp Current mA | Vout = -1.0V, 
Ta = -55°C, Continuous 
Vind Input Low Voltage for TTL Interface List || it ee: te 
ViL2 Input Low Voltage for MOS Interface Vop | Mec-6 | ov | 
VIH2 Chip Select Input High Voltage Vcc 15] | Vect0.3 V 
loL Output Sink Current fas | 4 | mA | Vout = 0.45V 


Note 1. Typical values are at nominal voltages and Ta = 25°C. 


2 
eo) 


M1702A 


rr 


A.C. Characteristics 
Ta = -55°C to 100°C, Voc = +5V +10%, Vop =-9V +10%, Vag = -9V +10% unless otherwise noted. 


Limits 
Symbol Test Min. Max. Unit 


on | Previous Read Data Vaio r 


Capacitance * T, = 25°C 


TEST TYPICAL MAXIMUM UNIT 
Input Capacitance 8 pF 
pe foe | 


*This parameter is sampled and is not 100% tested. 


CONDITIONS 
CS = Vec unused pins 


SYMBOL 


V, = V are at A.C. 
Output Capacitance OUT cc 


Veg = Vec ground 


Switching Characteristics 


Conditions of Test: 
Input pulse amplitudes: 0 to 4V; tp, te <50 ns 
Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpp<15 ns), Ci = 15pF 


A) READ OPERATION B) DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 
— CYCLE TIME W/F REG) ———— 

wi | 10% vi ° 

AODRESS ADDRESS x 
90% 
Mu | | Vie 
- te oa | 

WH s a re ton > Mi _ | | — 
cs | cs : ! 

vi Vv 90% , 

L WL Ht tc > a = 


; ) , 
Vou ‘ eeETES . Cs >) ! 
DATA | DATA OUT | | DAK DATA OUT j 
OUT I ALI ; 
NVALID s OUT INVALID 
v 7 + You ——?. Seen 


pe tate > Sl 


ERASING AND PROGRAMMING PROCEDURE 


The erasing and programming procedure of the M1702A is 
the same as the O°C to 70 C 1702A. The procedure is 
discussed in Section HI, page 3-55, of the data catalog. 
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intel 1702AL, 1702AL2 


2K (256 x 8) UV ERASABLE LOW POWER PROM 


1702AL 


MAXIMUM 
Part No. | ACCESS (us) | tovaa (us) 
a 


=» Clocked Vac Mode for Low = Inputs and Outputs DTL and TTL 
Power Dissipation Compatible 
» Fast Programming: 2 Minutes =" Three-State Output: OR-tie 
for all 2048 Bits Capability 
=" All 2048 Bits Guaranteed* 
Programmable: 100% Factory 
Tested 


The 1702AL is a 256 word by 8 bit electrically programmable ROM and is the same chip as the industry standard 1702A. The 
programming and erasing specifications are identical to the 1702A. The 1702AL operates with the Vgg clocked to reduce the 
power dissipation. 

Initially all 2048 bits of the 1702AL are in the “0” state (output low). Information is introduced by selectively programming 
“1's (output high) in the proper bit location. The 1702AL is packaged in a 24 pin dual in-line package with a transparent lid. The 
transparent lid allows the user to expose the 1702AL to ultraviolet light to erase the bit pattern. A new pattern can then be 
written into the device. ~ 

The 1702AL is fabricated with silicon gate technology. This low threshold technology allows the design and production of high 
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 


*Intel's liability shall be limited to replacing any unit which fails to program as desired. 


PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM 


DATA OUT 1 DATA OUT 8 


A2 


Address Inputs 


Be ilies Sw rae ig re ae ee CS eo 
Ay Mee CS Chip Select Input 
Ao Vec Dout1 —Do UT8 Data Outputs 
*DATA OUT 1 A3 2048 BIT 
PROGRAM ROM MATRIX 
*DATA OUT 2 Ag (256 x 8) 


*DATA OUT 3 


*DATA OUT 4 


*DATA OUT 5 


*DATA OUT 6 


*DATA OUT 7 


*DATA OUT 8-4 11 (MSB) cs 
Vee 12 PROGRAM Ag Ay Ay 
NOTE: Inthe read mode a logic 1 at the address inputs 
*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING and data outputs is a high and logic 0 is a low. 


U.S. Patent No. 3660819 
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1702AL, 1702AL2 


PIN CONNECTIONS 

The external lead connections to the 1702AL differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-11 respectively. The programming voltages and tim- 
ing are shown in the ROM and PROM Programming Instructions section, pages 3-55. 


12 13 14 15 16 22 23 24 
(Vec) | (Program) (CS) (Vep) (Veq) (Vec) | (Vee) | (Vpp) 
Programming Program Pulse Pulsed Vec Pulsed Vpp 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ....... -10°C to +80°C “COMMENT 
St Temperature ............. —65°C to +125°C 
a Alea 6 Stresses above those listed under ‘‘Absolute Maximum Rat- 
Soldering Temperature of Leads (10sec) ........ +300°C ees oo 
Dia. te ings’’ may cause permanent damage to the device. This ts a 
Power Dissipation ................2.20004. 2 Watts 


stress rating only and functional operation of the device at 


Read Operation: Input Voltages and Supply these or at any other condition above those indicated in 


Voltages with respect to Veg ....--«.-- +0.5V to —20V the operational sections of this specification is not implied. 
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex- 
Voltages with respect to Veg «1. ee eee —48V tended periods may affect device reliability. 


D.C. and Operating Characteristics 1, = 0°c to 70°c, Voc = +5V +5%, Vpp = -9V +5%, Vagl1! = -9v +5%, 
READ OPERATION unless otherwise noted. 


1702AL Limits 1702AL-2 Limits 
Symbol Test Min. —‘ Typ. [2] Max. Min. = Typ.[2] Max. Conditions 
let Address and Chip Select WA | Vin = 0.0V 
Input Load Current 


lppo2 _| Power Supply Current PB Ta=0°C Io.=0.0mA 


lpp1!1! | Power Supply Current 35 50 CS = Vcc -2, lo, = 0.0mA, 
Ta = 25°C, Continuous 

CS = 0.0V, Io, = 0.0mA, 
Ta = 25°C, Continuous 

CS = Vcc -2, loL= 0.0mA, 
Ta = 0°C, Continuous 
Vout = ~1.0V, 

Ta = 0°C, Continuous 
Vout =~-1.0V, 

Ta = 25°C, Continuous 


B 
> 


50 


wow 
on 


Ipp2 Power Supply Current 


w 
NO 
7 
[op] 
nN 
- 
oO 
3 s 


(oe) 
lee) 
o 
© 
to) 
oo 
i-P) 
S 


Ipp3 Power Supply Current 
IcF1 Output Clamp Current 
lcF2 Output Clamp Current 
Fete Gate Supply Current 


Vint input Low Voltage 
for TTL Interface 


ba | 
_ 
(oe) 


( 
oD 


ViL2 Input Low Voltage Vpp Vcc 
for MOS Interface 


Vin Address and Chip Select 
Input High Voltage 


Vpb Vec- 


on 
~ 
oO 


Vec-2 Vect0.3 | Vec-2 Vect0.3 


VoL Output Low Voltage a ee -3 0.45 lo. = 1.6mA 
Vou Output High Voltage 35 45 35 45 lon = -200uA 


NOTES: 1. The 1702AL is operated with the VGq clocked to obtain low power dissipation. The average Ipp will vary between Ippg and Ippj (at 
25°C) depending on the VGq duty cycle (see curve opposite). 2. Typical values are at nominal voltage and Ta = 25°C. 


3-12 


1702AL, 1702AL2 


Typical Characteristics 


AVERAGE CURRENT VS. DUTY ACCESS TIME VS. OUTPUT SINK CURRENT 
CYCLE FOR CLOCKED Vg&G TEMPERATURE VS. OUTPUT VOLTAGE 


| CLOCKED Vg, 


es 
oO 


1 TTL LOAD ~ 20 pf 


AVERAGE Ipp (mA) 
ACCESS TIME (ns) 


—9V 


oy OUTPUT SINK CURRENT (mA) 


Ne 


> 
9 
i) 


0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 -4 -3 -1 


AMBIENT TEMPERATURE (°C) 


DUTY CYCLE (%) OUTPUT VOLTAGE (VOLTS) 


A.C. Characteristics 1, = 0°Cc to +70°C, Vcc = +5V +5%, Vop = -9V +5% unless otherwise noted 
1702AL 
Limits 
Symbol Test Min. Max. : : Unit 


Freq. Repetition Rate PP 1 MHz 
tacc Address to output delay ie ao ae Ls 
tovec Clocked Vgg set up Us 
tes Chip select delay a ae a Us 
tco Output delay from CS Fg | 0.88 | Us 


Capacitance T, =25°c 
pF = 


TEST 
All 


Input Capacitance 8 
Output Capacitance 10 


unused pins 
: =Vec| are at A.C. 
CVeG Veg Capacitance Vag = Vec ground 


(Note 1) 


*This parameter is periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 
Input pulse amplitudes: 0 to 4V; tr, te <50 ns 
Output load is 1 TTL gate; measurements made at output of TTL gate (tpp<15 ns), C_ = 15pF 


A. READ OPERATION B. DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 
Vin Vin 10% 
ADDRESS ADDRESS 4 
90% 
Vi Vit 
20 ns 
Vi Vin V 
= AY 
Vin Vit \ P 
tovec 
Vec Vee / 
CLOCKED CLOCKED t 
Vee Vec 
toveg — | tace >> ice top 
Sate’ aa oF HIGH Z 
pate Sin DATA VALID > 
Vii Vor 
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intel ) 2308 


8192 BIT STATIC MOS READ ONLY MEMORY 


=» Fast Access Time: 450 ns a Three-State Output: OR-Tie 


= Standard Power Supplies: Capability 
+12V, +5V Fully Decoded: On Chip 
= TTL Compatible: All Inputs Address Decode 


and Outputs = Inputs Protected: All Inputs 

=» Programmable Chip Select Have Protection Against Static 
Input for Easy Memory Charge 
Expansion » Pin Compatible to 2708 PROM 


The Intel 2308 is a 8192 bit static MOS read only memory organized as 1024 words by 8-bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 


The inputs and outputs are TTL compatible. The chip select input (CS2/CS2) is programmable. An active high or low level 
chip select input can be defined by the designer and the desired chip select logic level is fixed at Intel during the masking pro- 
cess. The programmable chip select input, as well as OR-tie compatibility on the outputs, facilitates easy Memory expansion. 
The pin compatible UV erasable 2708 PROM is available for initial system prototyping. 


The 2308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUT 
0, 0, 


1, 


OUTPUT BUFFERS 


Y GATING 


cSt ————»+ 
CHIP SELECT 
— LOGIC 
CS2/CS2. ———_» 
Y 
DECODER 


Ao - Ag 
ADDRESS 
INPUTS Pitas 5s! 
A, ———+> 
(ee 
Aig) ag x 64 X 128 
A ee DECODER ROM ARRAY 
Ag ———+ 
PIN NAMES 
Ag-A 9 ADDRESS INPUTS 
0;-0g DATA OUTPUTS se 
CSy CHIP SELECT INPUT x NOTE 1. The CS2/CS2 LOGIC LEVELS MUST BE SPECIFIED BY THE USER AS 
esa/esan| PROGHAMMABLE CHIP SELEGT INPUT EITHER A LOGIC 1 (Vi) OR LOGIC O (Vit). A LOGIC 0 SHOULD 


BE SPECIFIED IN ORDER TO BE COMPATIBLE WITH THE 2708. 
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Absolute Maximum Ratings* 


-25°C to +85°C 
-65°C to +150°C 


Ambient Temperature Under Bias 
Storage Temperature ............. 
Voltage On Any Pin With Respect 

To Ves 


-0.3V to 20V 
1.0 Watt 


D.C. and Operating Characteristics 


2308 


*COMMENT 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Ta = 0°C to +70°C, Vee = 5V +5%; Vpp = 12V +5%, Veg = -5V £5%, Vgg = OV Unless Otherwise Specified. 


=| 


Limits 


Symbol Parameter 

in [Tye 
areas || 

(All Input Pins Except CS, ) 

Vib Input ‘‘Low” Voltage HVss-1. | | 
Vin Input ‘‘High’’ Voltage ca ie 
VoL Output ‘‘Low”’ Voltage Ld 
Vout Output “’High’’ Voltage —— 
VoH2 Output ‘High’ Voltage Ra 


NOTE 1: Typical values for Ta = 25°C and nominal supply voltage 


D.C. OUTPUT CHARACTERISTICS 


lot mA 
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Unit Test Conditions 


i= 
> 


VIN =O to 5.25V 


Vin = 0.45V 

0.8V <Vin <3.3V 
Vin = 3.3V to 5.25V 
Chip Deselected 


=| 
> 


— | = 
oO} © 


lon =-4mA 
loH =-1ImA 


>; >| > 


m 
m 
840 mW 
D.C. OUTPUT CHARACTERISTICS 
-10 : 
shat 
-8 ta = Oto 70°C ff. 
7 | 
¢ -6 
aa 
4 
-3 
-2 


2.8 30 3.2 34 36 38 40 42 


Von VOLTS 


A.C. Characteristics 


2308 


Ta = 0°C to +70°C, Voc = +5V +5%; Vpp = +12V 5%, Vag = -5V +5%, Veg = OV, Unless Otherwise Specified. 


cima 
Symbol Parameter Unit 
Typ. 


tacc Address to Output Delay Time 


tco; Chip Select 1 to Output Delay Time 


tco2 Chip Select 2 to Output Delay Time 


ns 


| Max. 
| 85 | 160 | 
220 ns 


tor Chip Deselect to Output Data Float Time 125 220 ns 


NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at 


VOH = 3.7V @ IoxH = -1mMA, Cy = 100pF. 


CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 


Output Load........ 1 TTL Gate, and C; gap = 100pF 
Input Pulse Levels ................-. .65V to 3.3V 
Input Pulse Rise and Fall Times ........... 20 nsec 


Timing Measurement Reference Level 
ee ee ee ee ere 2.4V Vin, Von: 0.8V Vit, Vor 


ADDRESS 
Ag-Ag 


cs, 


CAPACITANCE* Ty, = 25°C, f = 1 MHz, Vep =-5V, Vop. 
Vcc and all other pins tied to Vgc. 


Symbol Test 


Input Capacitance aa 
Output Capacitance Ls 


*This parameter is periodically sampled and is not 100% tested. 


_— tcor —_ 7 


DATA 0,-0, 
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2308 


Typical Characteristics (Nomina supply voltages unless otherwise noted.) 


Ipp VS. TEMPERATURE A OUTPUT CAPACITANCE 
(NORMALIZED) VS. A OUTPUT DELAY 


+40 


+ 
N 
o 


oO 
lu 
2 
= 
Ss 
ra) 0 
RK 
= 
- 
=) 
oO 
1 ~20 
-40 
-100 
AMBIENT TEMPERATURE Ty (°C) A CAPACITANCE (pF) 
CS; INPUT Tacc VS. TEMPERATURE 
CHARACTERISTICS (NORMALIZED) 


0 5 1.0 1.5 2.0 2.5 3.0 


Viy (VOLTS) AMBIENT TEMPERATURE T, (°C) 
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intel 2316A 


16,384 BIT STATIC MOS READ ONLY MEMORY 


Three-State Output — OR-Tie 
Capability 

Fully Decoded —On Chip 
Address Decode 

Inputs Protected — All Inputs 
Have Protection Against Static 
Charge 


= Single +5 Volts Power Supply s 
Voltage 


Guaranteed 850ns Access Time 
Directly TTL Compatible— All 
Inputs and Outputs " 


= Three Programmable Chip 
Select Inputs for Easy Memory 
Expansion 


The Intel 2316A is a 16,384 bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 


The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined by the designer and 
the desired chip select logic level is fixed during the masking process. These three programmable chip select inputs, as well as 
OR-tie compatibility on the outputs, facilitates easy memory expansion. 


The 2316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer 
with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all devices are directly TTL 
compatible. 


BLOCK DIAGRAM 


PIN CONFIGURATION 


6, 05/04 Oy. 050.'0,.-0, 


‘ai 


OUTPUT BUFFERS 


Y DECODER 1 OF 16x 8 


: Voc 
+—0 GND 


CS. 
DECODE 


As{_}10 15[_JCS,/CS, 5 
A641 14 [7] cs,/CS, Ag 4— CS, /CS, 
GND [_}12 13 [_J CS3/CS, A, 16, 384 BIT 


7) 
ine 
us 
aw 
w 
> 
ice) 
| col 
~ 
a 
z 
n 
2) 
iw 
a 
Qa 
a) 
< 


X DECODER 1/128 


CELL MATRIX 


CHIP 
SELECT 
INPUT 
BUFFERS 


<«—  CS2/CS2 


Aug ~t—— CS3/CS3 
PIN NAMES 
| Ag- Aigo ADDRESS INPUTS 
01-08 DATA OUTPUTS 
CS;-CS3 PROGRAMMABLE CHIP SELECT INPUTS 


318 


2316A 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ........ -10°C to 80°C *COMMENT: Stresses above those listed under ‘‘Absolute Maximum 

Storage Temperature 265°C to +150°C Ratings’’ may cause permanent damage to the device. This is a stress 

; ; rating only and functional operation of the device at these or any 

Voltage On Any Pin With Respect other conditions above those indicated in the operational sections of 
TOMS rOUNG 4377, oi hes Mee dS. oe gi alee eS -0.5V to+7V 


this specification is not implied. Exposure to absolute maximum rating 


Power Dissipation o2..f4 ue BS ae ee, eae 1.0 Watt conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 1, = 0°c to+70°C, Vcc = 5V +5% unless otherwise specified 


rv ow 
Input Load Current 


ae UNIT TEST CONDITIONS 
(All Input Pins) 
fon 10 uA CS =2.2V, Vout = 4.0V 
ioe So -20 uA CS =2.2V, Voyt = 0.45V 
lec | 8 | mA | All inputs 5.25V Data Out Open 


SYMBOL PARAMETER 


Moy 


Vib Input ‘‘Low”’ Voltage -—0.5 0.8 V 

EN Input “High” Voltage 2.0 VectLov | Vv 
VOL Output ‘‘Low” Voltage 0.45 V lop =2.0mA 
VOH Output “High” Voltage 2.2 V lou = -100 HA 


(1) Typical values for Ta = 25°C and nominal supply voltage. 


Typical D.C. Characteristics 


Vin LIMITS VS. TEMPERATURE 


STATIC icc VS. AMBIENT TEMPERATURE 
WORST CASE 


100 


TYPICAL 


80 


ie) E 
S Fis 
= re) 
Zz a 
Ss 
60 
Vcc = 5.25V 
ALL ADDRESSES TIED 
TOVcc 
CHIP DESELECTED 
0 
0 10 20 30 40 50 60 70 20 40 60 80 
tare) tae) 
OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


lop (mA) 
lon (mA) 


Voz (VOLTS) Vou (VOLTS) 
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2316A 


A.C. Characteristics 1, = 0°c t0+70°C, Voc = +5V +5% unless otherwise specified 


LIMITS 
SYMBOL PARAMETER Typ (1) UNIT 
ta Address to Output Delay Time 400 nS 
tco Chip Select to Output Enable Delay Time ns 
tor Chip Deselect to Output Data Float Delay Time 0 300 ns 
CONDITIONS OF TEST FOR CAPACITANCE?) T, = 25°C, f = 1MHz 
A.C. CHARACTERISTICS LIMITS 
Output Load ... 1 TTL Gate, and C; gap = 100 pF SYMBOL 
Input Pulse Levels ........2....2... 0.8 to 2.0V 


Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level 


All Pins Except Pin Under 
Test Tied to AC Ground 


DOOUI: 25662 -e kes ei vhs oe Be wear 1.5V 
Output ................ 0.45V to 2.2V All Pins Except Pin Under 
Test Tied to AC Ground 
(2) This parameter is periodically sampled and is not 100% tested. 
A.C. Waveforms 
ADDRESS 


PROGRAMMABLE 
CHIP SELECTS 
| Nw 


Sarees due Be tA Be wigivse Vili A 


VoL 


rrr 


Typical A.C. Characteristics 


ACCESS TIME VS. AMBIENT ACCESS TIME VS. LOAD 
TEMPERATURE CAPACITANCE 


1000 
| 


900 


800 


600 


600 
a a 
= = 
0 20 40 60 80 0 


Tal C) CLoap (pfd) 
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intel Re 


K// 
2316E ms hid 7 
16,384 BIT STATIC ROM ° hinge” Sony 


» Fast Access Time—450 ns Max. =» EPROM/ROM Pin Compatible for 
Cost-Effective System 


= Single +5V% 10% Power Supply Development 


» Completly Static Operation 


Intel MCS 80 and 85 Compatibl 
" Renn ig Inputs and Outputs TTL 


Compatible 
=» Three Programmable Chip coal 
Selects for Simple Memory » Three-State Output for Direct 
Expansion and System Interface Bus Interface 


The Intel® 2316E is a 16,384-bit static, N-channel MOS read only memory (ROM) organized as 2048 words by 8 bits. Its 
high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and 
TTL input/output levels allow for direct interface with common system bus structures. The 2316E single +5V power supply 
and 450 ns access time are both ideal for usage with high performance microcomputers such as the Intel MCS™-80 and 
MCS'™.-85 devices. 


A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV EPROM 
for prototyping and the lower cost 2316E ROM for production. The 2716 is fully compatible to the 2316E in all respects. 
The three 2316E programmable chip selects may be defined by the user and are fixed during the masking process. To simplify 
the conversion from 2716 prototyping to 2316E production, it is recommended that the 2316E programmable chip select 
logic levels be defined the same as that shown in the below data sheet pin configuration. This pin configuration and these chip 
select logic levels are the same as the 2716. 


PIN CONFIGURATION BLOCK DIAGRAM 


Do D1 D2 D3 D4 Ds Dg D7 


Y 

loa 

ww 

uw 

aL 

=) 

feel 

i 

=) 

Qa 

z oe) 

— GN 

= 

iW 

[a jog 

O ws 16, 384 BIT 

q rs) CELL MATRIX 
O 
ud 
G 

PIN NAMES 52 
Ag-Aig | ADDRESS INPUTS 
D7—Dg_ | DATA OUTPUTS 
| CS1—-CS3_ | CHIP SELECT INPUTS 
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S 
= 
S 
= 
S 
x 


tse PRELIM 
Otice: This ; NOt a fin A 


. s ; 
ABSOLUTE MAXIMUM RATINGS* Parametric lim; al specification. s, 


'S are subject 


to Change. 
Ambient Temperature Under Bias........ -~10°C to 80°C *COMMENT: Stresses above those listed under ‘‘Absolute Maxi- 
Storage Temperature -65°C to +1 50°C mum Ratings’’ may cause permanent damage to the device. This is a 
P PR ee ae eis stress rating only and functional operation of the device at these or 
Voltage On Any Pin With Respect at any other conditions above those indicated in the operational 
tO Ground 4 be ee SA ews eS -0.5V to +7V sections of this specification is not implied. Exposure to absolute 
Power Dissipation. ...........0 000 eee eee 1.0 Watt maximum rating conditions for extended periods may affect device 


reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta =0°C to +70°C, Voc = 5V £10%, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER 
MIN. TYP.) | MAX. 
ly Input Load Current 
(All Input Pins) 
Output Leakage Current Pf ft fa Chip Deselected, Voyt = 4.0V 
Output Leakage Current a as 0 Chip Deselected, Vout = 0.4V 


All Inputs 5.25V Data Out Open 


NOTE: 1. Typical values for Ta = 25°C and nominal supply voltage. 


A.C. CHARACTERISTICS 


Ta =0°C to +70°C, Voc = +5V +10%, unless otherwise specified. 


SYMBOL PARAMETER 


Chip Select to Output Enable Delay Time Rod 


LIMITS 


Chip Deselect to Output Data Float Delay Time 


CONDITIONS OF TEST FOR CAPACITANCE®) T, = 25°C, f= 1 MHz 
A.C. CHARACTERISTICS 


Output Load ........... 1 TTL Gate and C, = 100 pF MAX 
Input Pulse Levels... .......0......... 0.8 to 2.4V 
Input Pulse Rise and Fall Times (10% to 90%) ..... 20 ns 
Timing Measurement Reference Level Test Tied to AC Ground 
NUE Gear a et ante ata heo sh dp ead geht agen es g Roe Bhs 1V and 2.2V Cout All Pins Except Pin Under | 10 pF | 15 pF 
QUIDUE j-< bs ee beet eb wld ot een Gee DA 0.8V and 2.0V Test Tied to AC Ground 


NOTE: 2. This parameter is periodically sampled and is not 100% 
tested. 
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oo  _EREUUMINA Ry 


Paramety; Ota fj 
Ic Ij IMits a es ince pe toon So 
chan me 


A.C. Waveforms 


star Pemced Pe 
-_ iS Ss 


Typical System Application (8K x 8 ROM Memory) 


ADDRESS BUS 


MCS-80 
CONTROL BUS SYSTEM 


DATA BUS 
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intel 
2708 FAMILY 


8K AND 4K UV ERASABLE PROM 
2708 1Kx8 Organization 


= Static--No Clocks Required 
» 2704--512x8 Organization 


= Data Inputs and Outputs 
TTL Compatible During Both 
Real and Program Modes 


= Fast Access Time--350ns 
Max. (2708-1) 


= Pin Compatible to 8K 
and 16K ROMs For 
Low Cost Production 


= Fast Programming-- 
Typ. 100 sec For All # Three-State Outputs--or-Tie 
8K Bits Capability 


The Intel® 2708 is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM ideally suited where fast 
turnaround and pattern experimentation are important requirements. The electrical characteristics of the 2708 are specified 
over the O°C to 70°C Operating temperature range and with 5% power supply variation. All data inputs and outputs are TTL 
compatible during both the read and program mode. Furthermore, the three-state outputs allow for direct interface with 
common system bus structures. The 2708 is specified at a maximum access time of 450 ns. A higher speed 2708-1 is also 
available at 350 ns maximum access time. 


A pin for pin mask programmed ROM, the Intel® 2308, is available for large volume production runs of systems initially 
using the 2708. For systems requiring higher bit density, the 2316E Intel 16K ROM with a 420 ns maximum access time is 
also available. 


The 2704 is a 4096-bit UV EPROM organized as 512 words by 8 bits. It has all the same Operating, programming, and erasing 
specifications of the 2708. 


The 2708/2704 is fabricated with the time-proven reliable N-channel silicon gate and FAMOS technology. They are available 
in a 24-pin dual in-line package. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUT 
Oo9-07 


-———__—_—__, 


247 | Vcc 
231 | Ag 


22[ J ag!) 


211 | Ves 


201 | CS/WE OUTPUT BUFFERS 


= CHIP SELECT 
SNe LOGIC 
A,——+ Y 
A, ——+ DECODER 
A3 - 


DECODER 


2708/2704 19f | Vpp 
181 | PROGRAM 
171 107 (MSB) 


16 } 06 


ADDRESS 


151] os INPUTS 


147] 04 


64 X 128 
ROM ARRAY 


137 ] 03 


NOTE 1: PIN 22 MUST BE CONNECTED 
TO Vsg FOR THE 2704. 


PIN NAMES 


ADDRESS INPUTS - 


A 
DATA OUTPUTS/INPUTS 


& 


PIN NUMBER 


— T <= pe 


° 


'?) 


CS/WE | CHIP SELECT/WRITE ENABLE INPUT 


DATA t/O 
9-11, 
13-17 


READ Dout 


| ADDRESS 

INPUTS 
1-8, 

yo My E 


> Ain 


DESELECT 


——-+ 
HIGH IMPEDANCE | DON’T CARE 


V33 


PROGRAM | Vpp 
18 


CS/WE Ves | Vcc 


GND 


| PROGRAM | Din 
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; Ain 


GND 


PULSED , +12) Viyw | -5 | 45 


Z6V 


2708 FAMILY 


PROGRAMMING 


The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 


Absolute Maximum Ratings * 


Temperature Under Bias... 0... .. 00... eee eee -25°C to +85°C *COMMENT 

Storage Temperature ...........00 00000000 eee -65°C to +125°C Stresses above those listed under ‘Absolute Maximum 

Vop With Respect to Vgg....-.---.-00e eee eee ee +20V to -0.3V Ratings’’ may cause permanent damage to the device. 
. is | i I d f ti | eration 

Vec and Vgg With Respect to Vgg ....- 0.2. eee eee TSWV (eee C1 | acta eee a aia ca 


All Input or Output Voltages With Respect 


of the device at these-or any other conditions above 
those indicated in the operational sections of this 


__to Vep During MeaG f 4 eb ere ne ew ae fee +15V to -0.3V specification is not implied. Exposure to absolute 

CS/WE Input With Respect to Veg maximum rating conditions for extended periods may 
During Programming ..........0 2.00000 eee eee +20V to -0.3V affect device reliability. 

Program Input With Respect to Vgg ............00-. +35V to -0 3V 

POWEr DiSsiD ation bee ae how os Se hae Oe OR ES eR 1.5W 


READ OPERATION 
D.C. and Operating Characteristics 


Ta =0°C to 70°C, Vee = +5V 5%, Vpp = +12V £5%, Vgp!'! = -5V +5%, Vos = OV, unless otherwise noted. 


Symbol Parameter 
lo Output Leakage Current 
2.4 

Be 


Output High Voltage 


Output High Voltage 
Power Dissipation 800 


mW 


Conditions 
Vin = 5.25V or Vin = Vie 
Vout = 5.5V, CS/WE = 5V 
Worst Case Supply Currents: 
All Inputs High 
CS/WE = 5V;T, =0°C 


lop = 1.6mMA 
lon = -100uA 
lon =-imA 
Ta = 70°C 


1. Vgp must be applied prior to Vcc and Vpp. Vgp must also be the last power supply switched off. 


2. Typical values are for Ta = 25°C and nominal supply voltages. 


3. The total power dissipation of the 2704/2708 is specified at 800 mW. It is not calculated by summing the various currents (Ipp, 
Icc, and |gp) multiplied by their respective voltages since current paths exist between the various power supplies and Vss. The 


Ipp. Icc, and |pp currents should be used to determine power supply capacity only. 


Typical Characteristics 


MAXIMUM JUNCTION TEMPERATURE 


RANGE OF SUPPLY CURRENTS 
VS. AMBIENT TEMPERATURE VS. TEMPERATURE 


ALL POSSIBLE OPERATING 
CONDITIONS: 
Veg = 5-25V 


Vpp = 12.6V 
Veg = -5.25V 


T, (°c) 


SUPPLY CURRENTS (mA) 


Tace (ns) 


500 


300 


ACCESS TIME VS. TEMPERATURE 


1 TTL LOAD + 100pF 


Ty (°C) 


2708 FAMILY 


A. C. Characteristics 
Ta = 0°C to 70°C, Voc = +5V £5%, Vop = +12V +5%, Veg = -5V +5%, Voc = OV, unless otherwise noted. 


CAPACITANCE"! 1, = 25°C, f=1MHz A.C. TEST CONDITIONS: 


Output Load: 1 TTL gate and C, = 100 pF 
Symbol Input Rise and Fall Times: <20 ns 
Input Capacitance 


Timing Measurement Reference Levels: 0.8V and 
Cout Output Capacitance 


2.8V for inputs; 0.8V and 2.4V for outputs. 
Input Pulse Levels: 0.65V to 3.0V 


Note: 1. This parameter is periodically sampled and is not 100% tested. 


Waveforms 
ADDRESS 
=< tou ear all 
‘ 
CS/WE 
h< Stag: <. ee , 
<—tor-+i 
~ tacc > | 


UT 
FLOATING 


DATA 


ERASURE CHARACTERISTICS Intel which should be placed over the 2708 window to 
The erasure characteristics of the 2708 are such that erasure prevent unintentional erasure. 

begins to occur when exposed to light with wavelengths The recommended erasure procedure (see page 3-55) for 
shorter than approximately 4000 Angstroms (A). It should the 2708 is exposure to shortwave ultraviolet light which 
be noted that sunlight and certain types of fluorescent has a wavelength of 2537 Angstroms (A). The integrated 
lamps have wavelengths in the 3000—4000A range. Data dose (i.e., UV intensity X exposure time) for erasure should 
show that constant exposure to room level fluorescent be a minimum of 15 W-sec/cm2. The erasure time with this 
lighting could erase the typical 2708 in approximately 3 dosage is approximately 15 to 20 minutes using an ultra- 
years, while it would take approximatley 1 week to cause violet lamp with a 12000 uW/cm? power rating. The 2708 
erasure when exposed to direct sunlight. If the 2708 is to should be placed within 1 inch of the lamp tubes during 
be exposed to these types of lighting conditions for ex- erasure. Some lamps have a filter on their tubes which 
tended periods of time, opaque labels are available from should be removed before erasure. 
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int.[' mil 
intel M2708 TAR 
Y TEMp 


8K (1K x 8) UV ERASABLE PROM 


=» Extended Temperature Range: a Static: No Clocks Required S 
“55°C to 100°C s Inputs and Outputs TTL € 
« Fast Programming: Compatible During Both Read 
Typ. 100 sec. For All 8K Bits and Program Modes 
» Low Power During Programming =» Three-State Output: OR-Tie 
» Access Time: 450 ns Max. Capability 
s Standard Power Supplies: =» Hermetic Package: 24 Pin DIP 


+12V, +5V, -5V 


The Intel M2708 is a high speed 8192 bit erasable and electrically reprogrammable ROM (EPROM) ideally suited where fast 
turn around and pattern experimentation are important requirements. 


The M2708 is packaged in a 24-pin dual-in-line package with transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the devices. 


The M2708 is fabricated with the time proven N-channel silicon gate technology. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUT 
00-07 


A7yL jl 248 1Vcc l 


CHIP SELECT 
LOGIC 


PT CS/WE 
A3[_15 20{_ J cS/WE OUTPUT BUFFERS 


Ail 47 18[ ] PROGRAM Ay ———> 
Ao Y 
A, ——>+ DECODER 
(LSB) Ag L_J8 | | O7 (MSB) A; a 
(LSB) Oo L_ 99 164 | 06 


ADDRESS 
07 {_} 10 15] J} 05 INPUTS i 


o2f[ 411 141 1 04 Ag 


x 64 X 128 
DECODER ROM ARRAY 


Ves LJ 12 13 ]} 03 — 


PIN NAMES 


ADDRESS INPUTS 
DATA OUTPUTS 
CHIP SELECT/WRITE ENABLE INPUT 


PIN NUMBER 
| | ADDRESS | 

DATA I/O INPUTS 

9-11, 

13-17 


READ 
DESELECT 
PROGRAM 


Dout 
HIGH IMPEDANCE } DON’T CARE | GND 
Din AINn GND 


4 ViHP 
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M2708 


Absolute Maximum Ratings * 


Temperature Under Bias ..................2..2.. -65°C to 110°C *COMMENT 

Storage Temperature ..................-2...2.. -65°C to +125°C Stresses above those listed under “Absolute Maximum 
Vop With Respect to Vgp.........--.0 000 cee eeee +20V to -0.3V Ratings’ may cause permanent damage to the device. 
Vec and Vgs With Respect to We osha d-umtace fini cueeeabeaens +15V to -0.3V This is a stress rating only and functional operation 


of the device at these or any other conditions above 


All Input or Output Voltages With Respect those indicated in the operational sections of this 


__to VER DUMMG RedGicmi ceric bee peat pally a he +15V to -0.3V specification is not implied. Exposure to absolute 

CS/WE Input With Respect to Vag maximum rating conditions for extended periods may 
During Programming .............00 000 e eae +20V to -0.3V affect device reliability. 

Program Input With Respect to Vpg ..............-. +35V to -0 3V 

Power Dissipation ............ 00. ce ee eee ee eee ee ene 1.8W 


READ OPERATION 
D.C. and Operating Characteristics 


Ta = -55°C to 100°C, Voc = t5V 10%, Vpp = +12V 10%, Vez!) = -5V 10%, Voc = OV, unless otherwise noted. 
Cc SS 


Symbol Parameter Min.  Typ.[2) Max. | Unit | Conditions 
Address and Chip Select Input Sink Current 1 10 LA Vin = 5.5 V or Vin = Vin 
Output Leakage Current 1 10 | UA Vout = 5.5 V, CS/WE = 5V 
Vpop Supply Current 50 80 mA Worst Case Supply Currents: 
Vcc Supply Current 6 15 ere All Inputs High 
ae ae, mma my cry as CS/WE = 5V; Ta =-55°C 


+ 
Vit Input Low Voltage 


Vi Input High Voltage V 
VoL Output Low Voltage V lop = 1.6mMA a 
“Vou, | Output High Voltage a7C~CS~*“‘:™S™S™SCSC*:*:;*C*C AN Ook 
Oo 750 | mW | Ta = 100°C 


2. Typical values are for Ta = 25°C and nominal supply voltages. 


3. The total power dissipation of the 2704/2708 is specified at 750 mW. It is not calculated by summing the various currents (Ipp. 
Icc, and !pp) multiplied by their respective voltages since current paths exist between the various power supplies and Vgs. The 
Ipp. !cc, and Igp currents should be used to determine power supply capacity only. 


Typical D.C. Characteristics 


Igp CURRENT VS. TEMPERATURE Ipp CURRENT VS. TEMPERATURE icc CURRENT VS. TEMPERATURE 


80 80 


a 
(=) 
[op] 
o 


CS/WE = HIG 


Igg SUPPLY CURRENT (mA) 
lbp SUPPLY CURRENT (mA) 
S 


N 
So 


N 
So 


loc SUPPLY CURRENT (mA) 
b 
rs) 


0 0 0 
-60 -40 -20 0 20 40 60 80 100 120 -60 -40 -20 0 20 40 60 80 100 120 -60 -40 -20 0 20 40 60 80 100 120 


Ty (°C) Ty (C) Ty PC) 
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M2708 


A.C. Characteristics 


Ta = -55°C to 100°C, Voc = +5V £10%, Vop = +12V +10%, Veg = -5V 410%, Vsg = OV, Unless Otherwise Noted. 


Symbol Parameter 


tacc Address to Output Delay 


Chip Select to Output Delay 


om 
Gio id 
xr {7/0 


Address to Output Hold 


Capacitance!?! T, = 25°C, f = 1MHz 


Parameter 


Cin | Input Capacitance 


rae | 


Note 1. This parameter is sampled and not 100% tested. 


Waveforms 


ADDRESS 


DATA 
OUT 


ERASURE CHARACTERISTICS 


The erasure characteristics of the M2708 are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores- 
cent lamps have wavelengths in the 3000—4000A range. 
Data show that constant exposure to room level fluorescent 
lighting could erase the typical M2708 in approximately 3 
years, while it would take approximatiey 1 week to cause 
erasure when exposed to direct sunlight. If the M2708 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 


Chip De-Select to Output Float 


Vin =O0V 
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A.C. TEST CONDITIONS: 


Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: <20 ns 

Timing Measurement Reference Levels: 0.8V and 
2.8V for inputs; 0.8V and 2.4V for outputs 

Input Pulse Levels: 0.65V to 3.0V 


Intel which should be placed over the M2708 window to 
prevent unintentional erasure. 


The recommended erasure procedure (see page 3-55) for 
the M2708 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure should 
be a minimum of 15 W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000 uW/cm2 power rating. The M2708 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 


intel ELIMIN 


Dar IS ts 
aramet IC Ij < fe PeCificgt; 
t to On, ome 
2/16 
16K (2Kx8) UV ERASABLE PROM 
= Single +5V Power Supply = Pin Compatible To Intel 2316E ROM 


= Simple Programming Requirements 
Single Location Programming 
Programs With One 50ms Pulse 


= Fast Access Time: 450ns Max. 


= Low Power Dissipation # Inputs and Outputs TTL 


525mW Max. Active Power Compatible During Read 
132mW Max. Standby Power And Program 


The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716 
operates from a single 5-volt power supply, has a static power down mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can 
convert rapidly to Intel’s new pin-for-pin compatible 16K ROM, the 2316E. 


Since the 450-nsec 2716 operates from a single 5-volt supply, it is ideal for use with the newer high performance +5V micro- 
processors such as Intel’s 8085 and 8048. The 2716 is also the first EPROM with a static power down mode which reduces 
the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the maximum 
standby power dissipation is only 132 mW, a 75% savings. 

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Now, it is possible to program 
on-board, in the system, in the field. Program any location at any time — either individually, sequentially or at random, with 
the 2716's single address location programming. Total programming time for all 16,384 bits is only 100 seconds. 


MODE SELECTION 


—_—__—— Peechanrern 7 
PINS re | 
PD/PGM CS Vpp Vec OUTPUTS 
Pl N CON FIGURATION MODE (18) (20) (21) (24) (9-11, 13-17) 
Read Vit Vit +5 +5 Dout 
Aaah | See Desel Don't C Vv | 45 +5 High Z 
6 C2 23 [] Ag eselect on’t Care IH ig 
A5 3 22D) Ag T 
Aa (4 2110 Vpp Power Down Vin Don’t Care +5 +5 High Z 
A315 20M cs —— —| 
ar t6 19D A10 Program Pulsed Vj, to Vin Vin +25 +5 Din 
Aiq7 18 [0 PD/PGM Program Verify Vie Vib +25 +5 Dout 
Ao U8 177107 Program Inhibit TH Via 495 |-<45 High Z 
00 49 161 06 pean 
01(410 157005 
1 
oo bd ei BLOCK DIAGRAM 
GND (412 13 [1D 03 
DATA OUTPUTS 
Vcc o—_—_—_—__> Oo-07 
— TTL, 
GND o——————> 
Vpp 0 
cs CHIP SELECT, 
PD/PGM POWER DOWN, AND cme 
PIN NAMES PROG. LOGIC OUTPUT BUFFERS 
Ao—A10 | ADDRESSES sae x Y-GATING 
PD/PGM | POWER DOWN/PROGRAM ee es 
CHIP SELECT aBsnes ra 
pve x 16,384-BIT 
00-07 OUTPUTS DECODER CELL MATRIX 
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2716 PREL 


PROGRAMMING 


: ; IS is no . 
Parametric limits - lia 


The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. a 


Absolute Maximum Ratings* 


Temperature Under Bias............. ~10°C to +80°C *COMMENT: Stresses above those listed under ‘‘Absolute Maxi- 
Storage Temperature .............. -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a z 
All Input or Output Voltages with stress rating only and functional operation of the device at these or & 
+6V to -0.3V any other conditions above those indicated in the operational sec- ES 
Respect to Ground a OE e hae tee pte eee tions of this specification is not implied. Exposure to absolute S 
Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device a 
0 Grounid 3.3.5.4 2465.46 03'S 4 bees +28V to -0.3V reliability. 


READ OPERATION 
D.C. and Operating Characteristics 
Ta =0°C to 70°C, Vec!t-2] = +5V +5%, Vppl2] = Vee +0.6V 13! 


fu Input Load Current Ls 
Ca Output Leakage Current oe 
Vpp Current Hl 


| Limits 


25 cs PD/PGM = Vy, CS= Vi. 


ox_| Oetiow vatww | 
[von [oun vor a 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


CS = PD/PGM = Vi, 


2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of lcc and Ipp}. 


3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for program- 
ming. 
4. Typical values are for Ta = 25°C and nominal supply voltages. 


de 


This parameter is only sampled and is not 100% tested. 
6. tacca2 is referenced to PD/PGM or the addresses, whichever occurs last. 


Typical Characteristics 


« 


Icc CURRENT ACCESS TIME ACCESS TIME 


vs. vs. vs. 
CAPACITANCE 


TEMPERATURE TEMPERATURE 


es 
Icc2 ACTIVE CURRENT 
PD/PGM = ViL 
Vcc = 5V 


Icc (mA) 


TACC (ns) 
Tacc (ns) 


Icc1 STANDBY CURRENT 
PD/PGM = Vi 


0 100 200 300 400 500 600 700 800 
TEMPERATURE (°C) Ct (pF) 


TEMPERATURE (°C) 
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cee "ph SLIMINARy 


.C. Characteristics Parametric fin ae ‘pecifcsti 
Ta =0°C to 70°C, Vec!t] = +5V +5%, Vppl2] = Vee +0.6V 3! t to chang 


Limits 
Symbol Parameter Be Ba) A Unit Test Conditions 


Chip Select to Output Delay a PD/PGM = Vi. 


n. n: Some 


Chip Deselect to Output Float CueE PD/PGM = Vi 
Address to Output Hold Lod an PD/PGM = CS= Vj, 


Capacitance ©! Ta = 25°C, f= 1 MHz A.C. Test Conditions: 


[Famer —[T. [ i [ Ui Conans 
8 [2 [oF [our ov 


NOTE: Please refer to page 2 for notes. 


WAVEFORMS 


A. Read Mode 
PD/PGM = Vit 


ADDRESS q > 


Output Load: 1 TTL gate and C; = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


Output Capacitance 


tco tor 


tacct 


HIGH Z 
OUTPUT 4 DATA OUT VALID » 


B. Standby Mode 
CS=VIL 


ADDRESS ADDRESS N q ADDRESS N+m 


STANDBY MODE ACTIVE MODE 


PD/PGM 


tacc2 


t 
BE (Note 6) 


DATA VALID FOR ADDRESS Nt+tm 


OUTPUT DATA VALID FOR ADDRESS N 
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2716 PRE| IME re 


Pecification. So 


ERASURE CHARACTERISTICS 


The erasure characteristics of the 2716 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000—4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 
prevent unintentional erasure. 


The recommended erasure procedure (see page 3-55) for 
the 2716 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure should 
be a minimum of 15 W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000 uW/cm2 power rating. The 2716 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 


DEVICE OPERATION 


The six modes of operation of the 2716 are listed in Table 
|. It should be noted that all inputs for the six modes are at 
TTL levels. The power supplies required are a +5V Vcc and 
a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
three modes. 


TABLE |. MODE SELECTION 


PD/PGM cs Vpp | Vec 
(18) (20) (21) | (24) 


OUTPUTS 
(9-11, 13-17) 


+5 


High Z 


READ MODE 


Data is available at the outputs in the read mode. Data is 
available 450 ns (tacc) from stable addresses with CS low 
or 120 ns (tcg) from CS with addresses stable. 


SIS nota finals 


Parametric limit 


DESELECT MODE 


The outputs of two or more 2716s may be OR-tied to- 
gether on the same data bus. Only one 2716 should have its 
outputs selected (CS low) to prevent data bus contention 
between 2716s in this configuration. The outputs of the 
other 2716s should be deselected with the CS input at a 
high TTL level. 


$ are subject to Change 


POWER DOWN MODE 


The 2716 has a power down mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. 
Power down is achieved by applying a TTL high signal to 
the PD/PGM input. In power down the outputs are in a 
high impedance state, independent of the CS input. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 2716 are in 
the ‘1’ state. Data is introduced by selectively program- 
ming ‘‘0’s’’ into the desired bit locations. Although only 
“0’s’’ will be programmed, both ‘1's’ and ‘‘0’s’’ can be 
presented in the data word. The only way to change a ‘’0” 
to a‘‘1"’ is by ultraviolet light erasure. 


The 2716 is in the programming mode when the Vpp power 
supply is at 25V and CS is at Vin. The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 


When the addresses and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the PD/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the PD/PGM input. 


Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 2716s may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the PD/PGM input programs the paralleled 
2716s. . 


PROGRAM INHIBIT 


Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for PD/PGM, all 
like inputs (including CS) of the parallel 2716s may be 
common. A TTL level program pulse applied to a 2716's 
PD/PGM input with Vpp at 25V will program that 2716. 
A low level PD/PGM input inhibits the other 2716s from 
being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 
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me 


3601, 3621 
256 x 4 HIGH SPEED PROM 


intel 


3601-1, 3621-1 
3601, 3621 


50 ns Max. 
70 ns Max. 


=» Low Power Dissipation: 
0.5 mW/Bit Typical 


=» Open Collector (3601) and 
Three-State Outputs (3621) 


= Fast Programming: 
1 ms/Bit Typically 


= Polycrystalline Silicon Fuse 


=» 16 Pin Dual In-Line 
Hermetic Package 


The Intel® 3601/3621 is a 1024 bit PROM ideally suited for uses where fast turnaround and pattern experimentations are 
important, such as in prototypes or in small productions volume systems. The 3601 is manufactured with all outputs low, and 
logic high output levels can be electrically programmed in selected bit locations. The 3621 has its outputs initially high and logic 
low output levels are programmed. The same address inputs are used for both programming and reading. 


A higher system performance is achieved by using the 3601-1 or 3621-1. These PROMs give a 25% system speed improvement 
over the 3601 or 3621. 


The 3601/3621 is manufactured with the highly reliable polycrystalline silicon fuse and the fast switching Schottky barrier diode 
technology. 


_ EEE 


PIN CONFIGURATION 


LOGIC SYMBOL LOGIC SYMBOL 


ADDRESS INPUT ae 


ADDRESS INPUT A, ADDRESS INPUT 


(MSB) 


= ( 
ADDRESS iNPUT CS, CHIP SELECT 2 


{14 


ADORESS INPUT CS, CHIP SELECT 1 


ADORESS INPUT 
(LSB) 


ADDRESS INPUT 


ADDRESS INPUT 


DATA OUTPUT 
{LSB) 


DATA OUTPUT 


DATA OUTPUT 


DATA OUTPUT 
(MSB) 


NOTE 1. DURING PROGRAMMING, THE PROGRAM PULSE 
MAY BE APPLIED TO EITHER CS; OR CS2 FOR 
THE 3621 FAMILY. THE PROGRAM PULSE IS 
APPLIED TO CS2 FOR THE 3601 FAMILY. 


CS,—CS,, CHIP SELECT INPUTS 


0,-0, 


PIN NAMES 


ADDRESS INPUTS 


DATA OUTPUTS 


3-34 


3601, 3621 FAMILY 


Absolute Maximum Ratings* 


Temperature Under Bias —65°C to +125°C *COMMENT 
(@) 
Storage Temperature = 85°C to: + 160°C Stresses above those listed under ‘‘Absolute Maximum 
Output or Supply Voltages —0.5V to 7 Volts Rating’’ may cause permanent damage to the device. 
All Input Voltages -1.6V to 5.5V This is a stress rating only and functional operation of 
Output Currents 100mA the device at these or at any other condition above those 
Programming Only: indicated in the operational sections of this specification 
3601 3621 is not implied. 

Output or Vcc Voltages 10.25V 13V 

CS2 Voltage 15.5V 15.5V 

CS» Current 100mA 150mA 

Vcc Current 500mA 600mA 


D. C. Characteristics: aii Limits Apply for Veg = +5.0V £5%, Ta =0°C to +75°C Unless Otherwise Specified. 


Test Conditions 


Vec = 5.25V, Va = 5.25V 
Vec = 5.25V, Vs = 5.25V 


Symbol Parameter 


lea Address Input Load Current 
les Chip Select Input Load Current 


IRA Address Input Leakage Current 


IRs Chip Select Input Leakage 
Current 


Vea Address Input Clamp Voltage 
Ves Chip Select Input Clamp 
Voltage 


VoL Output Low Voltage 


Vcc = 4.75V,lp = -10mA 
Vec = 4.75V, Is = -10mA 


Vec = 4.75V, lot = 15mA 


> = 


lec Power Supply Current 130 Vec=5.25V, Vao> Vaz = OV 
CS, = CS5= OV 

Vit Input ‘‘Low”’ Voltage ee oe Vec = 5.0V 

Vi Input “High” Voltage 0 Len Vec = 5.0V 


FOR 3621, 3621-1 ONLY 


Limits 
lo Output Leakage for High 
Impedance Stage 
Isc l2] Output Short Circuit Current = 


VoH Output High Voltage 


NOTES: 1. Typical values are at 25’ C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 


Test Conditions 


Vo =5.25V or 0.45V, 
Vec =5.25V, CS; =CS9=2.4V 


Vec =5.00V, Ta =25°C, 
Vo = OV 


lou = -2.4mA, Vcc =4.75V 


B= 
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3601, 3621 


A. C. Characteristics v.c=+5v +5%, aaah = 0°C to + 75°C 


ee C 25°C | 75°C 
Se ee ——etetet= 
ta+-. ta-+ to Suet Delay. 
tA. ta 3601 and 3621 Address =. Both C.S. Hines must be at 


Capacitance"’ r, = 25°c 


LIMITS 
SYMBOL PARAMETER ae ee rMax. | UNIT TEST CONDITIONS 


Cina Veco = 5V Vin = 2.0V 
Cins Vec =5V VIN =2.5V 
Cout Output Capacitance Vec = 5V Vout = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 15 mA TEST LOAD Vec 

Input pulse amplitudes - 2.5V 

Input pulse rise and fall times of 3002 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 voit levels 30pE 6002 


Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz = 


Waveforms 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 


INPUT CHIP 


SELECT 1:5V 
INPUTS 


1.5V 


OUTPUT 


OUTPUT 
OUTPUT 


ts _ 
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3601, 3621 FAMILY 


Typical D. C. Characteristics 


INPUT CURRENT 
VS. INPUT VOLTAGE 


Yin WA) 


lour (mA) 


Vin (VOLTS) 


OUTPUT CURRENT 
VS. OUTPUT “LOW” VOLTAGE 


Vout (VOLTS) 


Typical A. C. Characteristics 


CHIP SELECT TO OUTPUT DELAY ins) 


ADDRESS TO OUTPUT DELAY (ns) 


SELECT TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE 


Tas 25°C 
DC LOAD = 15mA 
Cy= 30pF 


Veg (VOLTS) 


ADDRESS TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE 


Ta= 26°C 
DC LOAD = 15mA 


lcrame (mA) 


INPUT THRESHOLD (VOLTS) 


CHIP SELECT TO OUTPUT DELAY (ns) 


ADDRESS TO OUTPUT DELAY (ns) 
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INPUT CLAMP CURRENT 
VS. INPUT VOLTAGE 


Vin (VOLTS) 


INPUT THRESHOLD 
VS. TEMPERATURE 


' TEMPERATURE (°C) 


SELECT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 


Vec * 5.0V 
OC LOAD = 15mA 
Cy = 30pF 


AMBIENT TEMPERATURE (°C) 


ADDRESS TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 


Vee = 5.0V- 
DC LOAD = 15mA 
Cy= 30pF 


AMBIENT TEMPERATURE (°C) 


: @ he 
intel M3601 ‘UTaRy rT 


E 
HIGH SPEED ELECTRICALLY PROGRAMMABLE MP, 
1024 BIT READ ONLY MEMORY 


= Military Temperature Range = Fast Programming —1 ms/bit 
—55°C to +125°C | Typically 
= Fast Access Time— 90 nsec =» Open Collector Outputs 
Maximum = Standard Packaging — 16 Pin 
Hermetic Dual In-Line Lead 
Configuration 


The M3601 is a military temperature range PROM, organized as 256 words by 4-bits. The PROM is manufactured with 
all outputs low and logic output high levels can be electrically programmed in selected bit locations. The M3601 is pin 
compatible with the Intel metal mask ROM M3301A. 


PIN CONFIGURATION LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ........... -65°C to +150°C 
AGSRESSINRLUTRE tie Storage Temperature ............. -65°C to +160°C 
Output or Supply Voltages ......... -0.5V to 7 Volts 
ReMERRI no 2S Ue eee All Input Voltages ...........--.-. -1.3 to 5.5V 
AGRESS NeUE AL G, cnip sevect 2 OUTDUL CULrents = 200s 2-2 oe ee a ines 8 100mA 
Programming Only: 
ADD BESS INEUE sth GS) CHIPSELEET 4 Output or Vcc Voltages .. 2... we eee 10.25V 
ADDRESS INPUT Ay D, DATA OUTPUT CS9 VOllage ase ea ew ee ES BE SOR RS 15.25V 
are, ie) VEC CUunents «%. €4:b:0tce yi ed ee ee 500mA 
AEDAESS INEUTAAG ‘0, SATA OUTPUT CSo Current 14-4 fh g Pe ol eee eee 100mA 
ADDRESS INPUT A, 0; DATA OUTPUT *COMMENT 


Stresses above those listed under ‘‘Absolute Maximum Rating” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera- 
tional sections of this specification is not implied. 


GND |__| 0, DATA OUTPUT 
(MSB) 


D.C. and Operating Characteristics 


All limits apply for Voc = +5.0V +5%, Ta = -55°C to +125°C, unless otherwise specified. 


Limits 
Symbol! Parameter Typ. [1 i Test Conditions 


' Address Input Load 
FA Current 


-0.05 Vcc = 9.25V, Va = 0.45V 


Chip Select Input Load 
Current 


-0.05 Voc = 5.25V, Vg = 0.45V 


Address Input Leakage 
| = = 
RA Current Vcc = 9.25V, Va = 5.25V 


Chip Select Input 
Leakage Current 


y, Address Input Clamp 
CA Voltage 
y, Chip Select Input 
CS Clamp Voltage 
Vcs Output Low Voltage 
IcEX Output Leakage Current 
lec Power Supply Current 


VIL Input “‘Low”’ Voltage 


Vcc = 5.25V, Vg = 5.25V 


Vcc = 4.75V, la =-5.0mA 


Vcc = 4.75V, lg =-5.0mMA 


j=) 
ie) 


t t 
° fo) 
~ sw 


Vcc = 4.75V, lop = 10mA 
Vcc = 5.25V, VcE = 5.25V 
Vcc = 5.25V, 

VA0—>VaA7 = OV, 

Vso = Vs1 = OV 

Vcc = 5.0V 

Vcc = 5.0V 


NO 
_ 


VIH Input “‘High’’ Voltage 


NOTE 1: Typical values are at 25°C and at nominal voltage. 
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M3601 


A. C. Characteristics vc. = +5v +5%, Ta = -55°C to +125°C 


MAX. 
SYMBOL PARAMETER LIMIT UNIT CONDITIONS 
t ,ta_ 
Pua oes Address to Output Delay ns 
ta+-. ta-+ 


Both C.S. lines must be at ground potential 
to activate the PROM. 


Capacitance" 1, = 25°c 


SYMBOL PARAMETER seta 
A 
Cave, [max | 


UNIT TEST CONDITIONS 


Chip-Select Input Capacitance 
Output Capacitance 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 10 mA TEST LOAD Vec 

Input pulse amplitudes - 2.5V 

Input pulse rise and fall times of 4702 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 30pF 10002 


Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz > 


Waveforms 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 


INPUT Cur 


setect 1:5V 
INPUT 


1.5V 


OUTPUT 


OUTPUT 
OUTPUT 


ts__ 
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3602A, 3622A FAMILY 
3602, 3622 FAMILY 
2048 BIT (512x4) HIGH SPEED PROM 


3602A-2 3602A 
3622A-2 3622A 
Twp. Tavs) | «| 55 | 60 
wax tars) | 00 [| 70 | 70 


» Low Power Dissipation » Replaces Two 256x4 PROMs 
--0.3mW/Bit Without Increasing Board 

= Open Collector (3602A, 3602) Area 
or Three State (3622A, 3622) 


=» Polycrystalline Silicon Fuse 


Outputs For Higher Reliability 


» Simple Memory Expansion-- 
Chip Select Input Lead = Hermetic 16-Pin DIP 


The Intel® 3602A/3622A and 3602/3622 device families are 2048-bit bipolar PROMs organized as 512 words by 4 bits. The 
fast second generation 3602A/3622A joins its Intel predecessor, the 3602/3622, featuring 70 ns. A higher speed version, the 
3602A-2/3622A-2, is now available at 60 ns. All 3602A/3622A specifications, except programming, are the same as the 
3602/3622. Once programmed, the 3602A/3622A are interchangeable with the 3602/3622. 


The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed in 
selected bit locations. Both open collector and three-state outputs are available. The power dissipation is typically 0.3 mW/bit. 


The pin configuration of the PROMs is the same as the popular 1K bit, 256 X 4 PROMs with the exception that CS> (pin 14) 
is address Ag. The bit density of existing 256 X 4 PROM systems can be easily doubled without an increase in area with the 
3602A/3622A or 3602/3622. These PROMs, like the 256 X 4 PROMs, are in 16-pin dual in-line package. 

A pin compatible, mask programmable 3302/3322 ROM is available for large volume production systems initially using the 
3602/3622. Please contact Intel directly for details on these ROMs. 


PIN CONFIGURATION LOGIC SYMBOL 


a,(_]2 sE_Ja, *o 
A, 
A 3 14 A 
ar ae iy 2 
A,L_]4 13[ JCS A, 
A,L_]5 12, Jo, ‘tse A, 0, 
A, 
A,L_]e nf jo, 2 
A,, O, 
A,L_]? 1of jo, A, 
GND{ 48 9f Jo, «mss: A, 
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3602A, 3622A AND 3602, 3622 FAMILY 


PROGRAMMING 


The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 


Absolute Maximum Ratings* 


Temperature Under Bias ........... -65°C to +125°C *COMMENT 


(e) (eo) 
Storage Temperature ............. -65 C to +160°C Stresses above those listed under ‘Absolute Maximum 


Output or Supply Voltages ......... -0.5V to 7 Volts Rating’’ may cause permanent damage to the device. This 
All Input Voltages .............-.0.. -1.6V to 5.6V is a stress rating only and functional operation of the device 
Output Currents ..........2......2-.0000% 100mA 


at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


D. C. Characteristics: ai Limits Apply for Voc= +5.0V +5%, Ta= 0°C to +75°C 


Current 


| Vea | Address Input Clamp Voltage 


Limits 


Chip Select Input Clamp 
Voltage 
Output Low Voltage 
Icex Output Leakage Current 


i | Power Supply Current 


Input ‘‘Low”’ Voltage 


on 
a3 | as | Vv | vee=A76V, lg. = 160A 
40 [ua 


A Vec = 5.25V, Vcg = 5.25V 


140 mA | Vcc=5.25V, Vag>Vag = OV 
CS = OV 


a 
ee 


Input ‘‘High’’ Voltage 


3622A, 3622A-2, 3622 ONLY 


[Symtor [Parameter 
Output Leakage for High 
Impedance Stage 

Output Short Circuit Current -25 


Output High Voltage 2.4 a 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 


Test Conditions 


Vo=5.25V or 0.45V, 
Vec=5.25V, CS=2.4V 
Vec =5.00V, Ta=25°C, 
Vo = OV 


lou =-2.4mA, Voc = 4.75V 
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3602A, 3622A AND 3602, 3622 FAMILY 


UNIT CONDITIONS 


_—s CS = Vj, to Select the 
ns 


A. C. Characteristics vc, = +5v +5%, Ta = 0°C to +75°C 


MAX. LIMIT 
SYMBOL PARAMETER 3602A-2 | 3602A 
3622A-2 | 3622A 


TAtt, TA-— | address to Output Delay 


ta+—, TA—+ 


RAGS 


Capacitance ''' 1, = 25°c, f= 1 MHz 


LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 


Cina Address Input Capacitance pF Vee = 5V Vin = 2.5V 
Cins Chip-Select Input Capacitance p 6 | 10 | oF | Veco = 5V Vin = 2.9V 


NOTE 1: This parameter is only periodically samp'ed and is not 100% tested. 


PROM 


Switching Characteristics 


Conditions of Test: 15 mA TEST LOAD VCC 

Input pulse amplitudes - 2.5V | 

Input pulse rise and fall times of 30012 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 30pF 60082 

Output loading is 15 mA and 30 pF 

Frequency of test - 2.5 MHz = 

Waveforms 

ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 

ADDRESS CHip 

INPUT Serer “LOW 1.5V 

INPUT 


OUTPUT 


OUTPUT 
OUTPUT 


teh toa4 
tay ac ta _+- 
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intel 
3604A, 3624A AND 3604, 3624 FAMILY 
4096 BIT (512x8) HIGH SPEED PROM 


3604A-2 | 3604A 3604 3604-4 
3624A-2 | 3624A eo0ene 3624 3624-4 seesEre 
Max Tat — 


eo |v [0 | 7 | o | 
Tmax tects) | vrs | srs | voorasr| 190 | 190 


*Standby Current When The Chip is Deselected. 


=» Fast Access Time » Four Chip Select Inputs 

--60ns Max (3604A-2, 3624A-2) For Easy Memory 
= Low Standby Power Dissipation Expansion 

4AL) -- i 

i280 32 pW/Bit men # Polycrystalline Silicon Fuse 
» Open Collector (3604A, 3604) For Higher Reliability 

or Three State (3624A, 3624) 

Outputs = Hermetic 24 Pin DIP 


The Intel® 3604A/3624A and 3604/3624 device families are 4096-bit bipolar PROMs organized as 512 words by 8 bits. The 
fast second generation 3604A/3624A joins its Intel predecessor, the 3604/3624, featuring 70 ns. Higher speed PROMs, the 
3604A-2/3624A-2, are now available at 60 ns. The 3604A/3624A families are lower in power dissipation than the 3604/ 
3624 families. All 3604A/3624A specifications, except programming, are the same as or better than the 3604/3624. Once 
programmed, the 3604A/3624<A are interchangeable with the 3604/3624. 


The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed in 
selected bit locations. Both open collector and three-state outputs are available. Low standby power dissipation can be 
achieved with either the 3604AL or 3604L-6. The standby power dissipation is approximately 15% of the active power 
dissipation. 

The 3604A/3624A and 3604/3624 families are available in a hermetic 24-pin dual in-line package. These PROMs are manu- 
factured with the time-proven polycrystalline silicon fuse technology. A pin compatible, mask programmable ROM is availa- 
ble for large volume production of systems initially using the 3604/3624. Please contact Intel directly for details on these 
ROMs. 


Mode/Pin Connection Pin 22 Pin 24 
eee eel Los oo 
READ: 3604A, 3604A-2, 3604, 3604-4, 


3624A. 3624-2, 3624, 3624.4 | No Connect or SV a 
3604AL, 3604L-6 +5V Must be Left Open 


PIN NAMES 


Ag—Ag ADDRESS INPUTS | 


CS,—CS2 (1) 
CHIP SELECT INPUTS 


[ PROGRAM: 3604A, 3604A-2, 3604, 3604-4, Pulsed 12.5V Pulsed 12.5V ESgee24 
3624A, 3624A-2, 3624, 3624-4 WG te noite O1,—Og DATA OUTPUTS 
T 
3604AL, 3604L-6 Pulsed 12.5V Pulsed 12.5V mpm ~e 
bes aa ead [1] To select the PROM CS, = CS2=0 
STANDBY: 3604AL, 3604L-6 Power dissipation is automatically 


and CS3 = CS4= 1. 


reduced whenever the 3604AL or 
3604L-6 is deselected. 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


OATAOUT! OaTA OUTS 


4086 BIT 
PROM MATRIX 


(612 X 8) 
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3604A, 3624A AND 3604, 3624 FAMILY 
PROGRAMMING 


The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 


Absolute Maximum Ratings* 


Temperature Under Bias........... -65°C to +125°C *COMMENT 

Storage Temperature ............. -65°C to +160°C Stresses above those listed under “Absolute Maximum 
Output or Supply Voltages ......... -0.5V to 7 Volts Rating’’ may cause permanent damage to the device. This 
All Input Voltages .................. -1.6 to 5.5V is a stress rating only and functional operation of the device 
Output Currents ©... 2... 6... ee 100mA at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 


D. C. Characteristics: ati Limits Apply for V.-= +5.0V +5%, Ta= 0°C to +75°C 
Address Input Load Current -0.05 | -0.25 Vcc = 5.25V, Va = 0.45V 
Vec = 5.25V, Va = 5.25V 


A 
Chip Select Input Load Current Vcc = 5.25V, Vs = 0.45V 
A 
A Vec = 5.25V, Vg = 5.25V 
V 
V 


Symbol 


IEA 
IFS 


IRA Address Input Leakage Current 


Chip Select Input Leakage 


Current 


Address Input Clamp Voltage | | -0.9 | -15 | 


Ves 
Voltage 
| 100 | HA | Voc = 5.26V, Vee = 5.25V 
m 


3604A-2, 3624A, and 3624A-2) CS; = CS2 = OV, CS3 = CS4 = 5.25V 
3604-4, 3624, and 3624-4) CS; = CS2 = OV, CS3 = CS4 = 5.25V 
loc3 Power Supply Current (3604AL) eatin ieee ean 
Active 130 mA 


Vec2 = 5.25V, Vect = Open 
Standby |_| 18 | 25 | mA 


CS, = CS> = 0.45V, CS3 = CSq4 = 2.4V 
Power Supply Current 
(3604L-6) Active 140 mA 


Standby |_| | 48 | mA 


3624A AND 3624 FAMILY ONLY 


Output Leakage for High Vo=5.25V or 0.45V, 
Impedance Stage Vec=5.25V,CS;=CS9=2.4V 


< 


QO 


Voc = 4.75V, ta =-10 mA 
Voc = 4.75V, Ig = -10 mA 


lcca Vcc2 = 5.25V, Veci = Open 
CS; = CS2 = 0.45V, CS3 = CS4 = 2.4V 
CS; = CSo = 2.5V 


Vec = 5.0V 


-15 Vec =5.00V, Ta =25°C, 
Vo = OV 


lOH =-2.4mA, Vec = 4,75V 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3604A, 3624A AND 3604, 3624 FAMILY 


A. C. Characteristics vec = +5v +5%, Ta = 0°C to +75°C 


3604A, 3624A FAMILY 3064, 3624 FAMILY 
MAXIMUM LIMITS (ns) MAXIMUM LIMITS (ns) 
SYMBOL PARAMETER 


a 7 ee 
Ape A Address to Output Delay 
ta+ i ta —+ 


Chip Select to Output Delay 
Chip Select to Output Delay 


Capacitance '''1, = 25°c, f= 1 MHz 


LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 
TYP. | MAX. 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


Address Input Capacitance 


Chip-Select Input Capacitance 


Switching Characteristics 


Conditions of Test: 15 mA TEST LOAD VEC 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 30022 


5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 


30pF 60022 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz = 
Waveforms 
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
ADDRESS 


INPUT CS,, CS, 


OUTPUT 


OUTPUT 


_— tg44 -— 


OUTPUT 


tage 
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intel M3604, M3624 MILITARY TE 
HIGH SPEED ELECTRICALLY MP, 
PROGRAMMABLE 4096 BIT READ ONLY MEMORY 


=» Military Temperature Range = Four Chip Select Inputs 
—55°C to +125°C For Easy Memory Expansion 

= Fast Access Time—90Onsec = Polycrystalline Silicon Fuse 
Maximum For Higher Reliability 

= Open Collector (M3604) = Standard Packaging—24Pin 
or Three-State (M3624) Hermetic Dual In-Line 
Outputs Lead Configuration 


The M3604 and M3624 are military temperature range PROMs organized as 512 words by 8 bits. They are manufactured with 
all outputs high and logic output low levels can be electrically programmed in selected bit locations. Both open collector 
(M3604) and three-state (M3624) outputs are available. 


PIN CONFIGURATION LOGIC SYMBOL Absolute Maximum Ratings* 
al cs, Temperature Under Bias........... -65°C to +135 C 
= Storage Temperature ............. -65°C to +160°C 
= Output or Supply Voltages ......... -0.5V to 7 Volts 
A All input Voltages ..........0..2002.. ~1.6V to 5.6V 
2 Output Currents 2.4 be bm oo oe ahr ek Oe aes 100mA 
i “COMMENT 


3 


Stresses above those listed under ‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


D.C. Characteristics v.. = +5.0V +10%, T, = —55°C to +125°C 


Ree same amet 


2 


Symbol Parameter Min. Test Conditions 
le~ Address Input Load Current _ ci Vec= Max, Va=0.45V 
les Chip Select Input Load Current | Vec= Max, Vs=0.45V 
Ina | Address Input Leakage Current | Vec= Max, Va= Max 


Chip Select Input Leakage Vec= Max, Vs= Max 


Current 


Address Input Clamp Voltage V Vec= Min, la=—10mA 


Ves Chip Select Input Clamp -0.9 —-1.5 V Vec= Min, Is=—10mA 
Voltage 
VoL Output Low Voltage 0.3 (0.45 V Vec= Min, Io. = 10mA 
IcEX Output Leakage Current _ 100 Vec= Max, Vog= Max 
ine Power Supply Current (M3604) | ~ 190 Vec1= Max, Vag>Vag= OV, 
| : CS, =CS=0V,CS3=CS4= 5.5V 
Input ‘‘Low’”’ Voltage Vec= 5.0V, Ta=25°C 


Vec= 5.0V, Ta =25°C 


M3624 ONLY 
| Min. Typ. [1] Max, Unit Test Conditions 
100 LA Vo= Max or 0.45V, 
Vec= Max, CS, =CS7=2.4V 


~15 | -25 mA Vec =5.00V, Ta=25°C, 
Vo = OV 


Isc [2 
Von Output High Voltage 2.4 lou =-2.4mA, Voc = 5V 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 


Input ‘High’ Voltage 


Parameter 


Output Leakage for High 
Impedance Stage 


Output Short Circuit Current 
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M3604, M3624 


A. C. Characteristics v,, = +5.ov +10%, T, = —55°C to +125°C 


SYMBOL PARAMETER CONDITIONS 


ta+de+, ta—— Address to Output Delay CS, =CS2 = Vi, and 
CS3 = CS4 = Vip to 
Select the PROM 


Chip Select to Output Delay 20 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Address Input Capacitance 


Chip-Select Input Capacitance 


Output Capacitance 


NOTES: 1. Typical values are at 25°C and nominal voltage. 
2. This parameter is only periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 10 mA TEST LOAD Vcc 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 4702 


5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 


30pF 100022 
Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz = 
Waveforms 
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
ADDRESS 


INPUT 


OUTPUT 


tay+ lgeic ta <— | 


OUTPUT 
OUTPUT 


a 
ta+— | 
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3605, 3625 
HIGH SPEED 1K x 4 PROM 


(3605, 9625 | 70 ne Mex 


=» Fast Access Time: 45ns # Open Collector (3605) and 
Typically Three-State(3625) Outputs 


" Low Power Dissipation: 
0.14mW/Bit Typically 


» Simple Memory Expansion 
Two Chip Select Inputs = Hermetic 18 Pin DIP 


#® Polycrystalline Silicon Fuse 
For Higher Reliability 


The Intel® 3605 and 3625 families are high density, 4096-bit bipolar PROMs organized as 1024 words by 4 bits. The 1024 by 
4 organization gives ideal word or bit modularity for memory array expansion. The 3605 has open collector outputs and the 
3625 has three-state outputs. The 3605 and 3625 are fully specified over the O'C to 75 C temperature range with +5% power 
supply variation. Maximum access times of 60 ns (3605-2/3625-2) and 70 ns (3605/3625) are available. The typical power 


dissipation is 0.14 mW/bit. 


The 3605/3625 are packaged in an 18-pin dual in-line hermetic package with 300 milli-inch centers. Thus, twice the bit 
density can be achieved with the 3605/3625 in the same memory board area as 512 by 8-bit PROMs in 24-pin packages. 


The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the 3605 and 3625 families. All 
outputs are initially a logical high and logic low levels can be electrically programmed in selected bit locations. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


64 X 64 ARRAY 


1/64 DECODE 


PIN NAMES 


16TO1 
MULTIPLEXER 


Ww 
a) 
io) 
S) 
Ww 
a) 
ce] 
oa 
pe 


Ay-4g ADDRESS INPUTS 
cs CHIP SELECT INPUT 
0,-0, OUTPUTS 
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3605, 3625 FAMILY 


PROGRAMMING 


The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 


Absolute Maximum Ratings* 


Temperature Under Bias........... -65°C to +125°C *COMMENT 


fe] oO 
Storage Temperature ............. -65 C to +160 C Stresses above those listed under ‘Absolute Maximum 


Output or Supply Voltages ......... -0.5V to 7 Volts Rating’’ may cause permanent damage to the device. This 
All Input Voltages ............-..0-. -1V to 5.5V is a stress rating only and functional operation of the device 
Output Currents ...............02..0 000 100mA 


at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


D. C. Characteristics: ati cimits Apply for Vog= +5.0V +5%, Ta= 0°C to +75°C 


Limits 


Typ.[1] | Max. Unit Test Conditions 


-0.05 | -0.25 Vec=5.25V, Va=0.45V 
-0.05 | -0.25 


Symbol Parameter 
lea Address Input Load Current 


Min. | Typ.) | Max. | Unit 
| mA | 
les Chip Select Input Load Current oe Vec=5.25V, Vs=0.45V 
Ina Address Input Leakage Current acc Vec=5.25V, Va=5.25V 
ins Chip Select Input Leakage fat ak Voc=5.25V, Ve=5.25V 
Current 
Voltage 
VoL Output Low Voltage | | 03 | 045 | Vv Vec=4.75V, lo. = 15mA 
Icex 3605 Output Leakage Current Ff | 40 A Vec=5.25V, Voe=5.25V 
lec Power Supply Current 110 150 mA Vec=5.25V, Vao?Vag=OV, 
Vit Input ‘‘Low”’ Voltage 0.85 V Vec=5.0V 
Vin Input ““High’’ Voltage 2 eee eee ae Vec=5.0V 


3625, 3625-2 ONLY 


Ilo | Output Leakage for High 40 LA Vo=5.25V or 0.45V, 
Impedance Stage Voc =5.25V,CS,=CS9=2.4V 
Isc [2] Output Short Circuit Current aan -25 i Vo = 0V 


Vou Output High Voltage p24] | lon =-2.4mA, Vec = 4.75V 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3605, 3625 FAMILY 


A. C. Characteristics vo. = +5v +5%, Ta = 0°C to +75°C 


ax 
3605-2 3605 , 
Parameter 3625-2 3625 Unit 
7 


Conditions 


ae on Address to Output Delay | 0 CS,=CS2=Vi. 
sates: to select the 
Chip Select To Output Delay PROM 
Chip Select to Output Delay 


Capacitance" tT, = 25°c, t= 1 MHz 


LIMITS 
SYMBOL PARAMETER uimits | UNIT TEST CONDITIONS 
parameter ae a ONT 


Cina Address Input Capacitance p44 | | oF Veco = 5V Vin = 2.5V 
Cins Chip-Select Input Capacitance ) 6 | 1 | oF | Vec = 5V Vin = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 15mA TEST LOAD Vcc 

Input pulse amplitudes - 2.5V 

Input pulse rise and fall times of 3002 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 30pF 6002 


Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 


Waveforms 
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
ADDRESS AS. AS 
INPUT 1.5V 1.5V Pete Coe, 
OUTPUT 1.5V 1.5V 

tat (hn 

1.5V 
Lees toa4 
ting te 
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into! mRELIn 


‘This 
aramepr;. ,. 
Ctric fj it bi PeCificat;. FR y 
Ct to chang: SOme 
3608, 3628 
8K (1K X 8) BIPOLAR PROM 
3608, 3628 80 ns Max. 
3608-4, 3628-4 | 100 ns Max. 
m Fast Access Time: 65 ns Typically = Open Collector (3608) and Three-State 
= Low Power Dissipation: 0.09mW/Bit (3628) Outputs 
Typically m Hermetic 24-Pin DIP 
@ Four Chip Select Inputs for Easy Memory # Polycrystalline Silicon Fuses for Higher 
Expansion Fuse Reliability 


The Intel® 3608/3628 are fully decoded 8192-bit PROMs organized as 1024 words by 8 bits. The worst case access time of 
80 ns is specified over the O°C to 75°C temperature range and 5% Vcc power supply tolerances. There are four chip selects 
provided to facilitate expanding 3608/3628s into larger PROM arrays. The PROMs use Schottky clamped TTL technology 
with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically programmed in selected 
bit locations. 


Prior to the 8192 bit 3608/3628, the highest density bipolar PROM available was 4096 bits. The high density of the 
3608/3628 now easily doubles the capacity without an increase in area on existing designs currently using 512 words by 8 
bit PROMs. There is also little, if any, penalty in power since the 3608/3628 power/bit is approximately one-half that of 4K 
PROMs. The 3608/3628 are packaged in a hermetic 24-pin dual in-line package. 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


DATAOUT1 DATA OUT 8 


8192 BIT 
PROM MATRIX 
DECODER 


INPUT DRIVERS 


Ag Ay Ag 


Ag 
Ag 
Ay 
As 
Ag 
Ay 
Ag 
Ag 


*PROGRAMMING PIN 


PIN NAMES 


Ag-Ag ADDRESS INPUTS 
CS, - CS, 
CS, - CS, 
0,-0, DATAOUTPUTS 


fone SELECT InpuUTS!1) 


[1] To select the PROM CS, = CS, = Vin 
and CS, =CS,=Vyy 


3-51 


3608, 3628 FAMILY P REL! 


Parametr; li $ nota final sper; 
PROGRAMMING C limits are Subjent ct 


The programming specifications are described in the PROM/ROM Programming Instructions on page 3-55. 


ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........... -65°C to +125°C “COMMENT 

Storage Temperature ............. -65 C to +160 C Stresses above those listed under “Absolute Maximum 

Output or Supply Voltages ......... -0.5V to 7 Volts Rating’’ may cause permanent damage to the device. This 

All Input Voltages ................-. -1V to 5.5V is a stress rating only and functional operation of the device 

Output Currents ... 2.2.2.2... 20-22 eee, 100mA at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


ication. S 
to change. mm 


D.C. CHARACTERISTICS: All Limits Apply for Vo-= +5.0V +5%, T,= O°C to +75°C 


Limits 


Symbol Parameter Min. | Typ.[1] | Max. | Unit | Test Conditions 
lea Address Input Load Current -0.05 | -0.25 | mA | Voc=5.25V, Va=0.45V 
Irs Chip Select Input Load Current -0.05 | -0.25 | mA | Voc=5.25V, Ve=0.45V 


Ina Address Input Leakage Current | | 40 | Voc =5.25V, Va=5.25V 
Chip Select Input Leakage Vcc=5.25V, Vs=5.0V 
Current SS oe Aiea 
Address Input Clamp Voltage | | -o9 | -15 | ve | Veco =4.75V, ln =-10mA 
Ves Chip Select Input Clamp V Vec=4.75V, Is=-10mA 
Voltage 


VoL Output Low Voltage | | 0.3 | 0.45 | V | Voc=4.75V, IoL= 10mA 
100 


IcEx 3608 and 3608-4 Output LA Vec=5.25V, Vee=5.25V 
Leakage Current 


lec Power Supply Current mA Vec =5.25V, Vag? Vag=OV, 
PROM deselected 
V 


Vit Input “Low” Voltage 0.85 Vec=5.0V 


Vin Input ‘‘High’’ Voltage Pa re ee ee Vec=5.0V 


3628,3628-4 ONLY 


Ilo | Output Leakage for High HA Vo=5.25V or 0.45V, 
Impedance State Vec=5.25V,CS,=CS9=2.4V 
(2] ircui = 2 
Isc Output Short Circuit Current ‘eal all eal Gaal Vo = OV 


Vou Output High Voltage }24] 34 ff ov lon =-2.4mA, Vec = 4.75V 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3608, 3628 FAMILY P REL R 


Parametric limin 4 final speci 
C limits 4! Specificat; 
are subje Cation. § 
Ct to cha ome 
nge. 


A.C. CHARACTERISTICS Vcc = +5V +5%, Ta = 0°C to +75°C 


MAX. LIMITS 
3608 3608-4 
SYMBOL PARAMETER 3628 3628-4 UNIT CONDITIONS 


ta Address to Output Delay | go | 00s” CS, = CS5 = Vi 
ten Output Enable Time and CS, = CS4 = Vin 


ine Output Disable Time | 40 to select the PROM. 


CAPACITANCE’ T, = 25°C, f= 1MHz 


SYMBOL PARAMETER ies i UNIT TEST CONDITIONS 


Cina Address Input Capacitance Voc = 5V Vin = 2.5V 
one Chip-Select Input Capacitance | 6 | 10 | pF | Vec=5V Vin = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test: 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 30pF 6002 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 


15mA TEST LOAD Vcc 


WAVEFORMS 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


cS,, CS, 
ADDRESS 
INPUT 


CS3, CS, 


OUTPUT OUTPUT 


OUTPUT 
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3625 4K BIPOLAR PROM 
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PROM AND ROM PROGRAMMING INSTRUCTIONS 
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I. PROM AND ROM INPUT FORMATS 


A. General Information 
Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of punched paper tape, 
a master device from which to copy, or computer punched cards. The allowable paper tape and computer punched card for- 
mats are given in Table I. The preferred formats are the Intel Intellec Hex and BPNF since these formats are defined to allow 
detection of errors. 


It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica- 
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card 
or sending a defective or improper master device. 

All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and 
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051. 


Table |. Acceptable Paper Tape and Computer Card Formats 


Paper Tape | Computer Card 


Intellec Hex Intellec Hex 


BPNF PN 
Hex 


B. Paper Tape Format 


The paper tape which should be used is 1’’ wide paper using 7 or 8-bit ASCII code (such as a Model 33 ASR Teletype pro- 
duces). The three paper tape formats which should be sent are described in Sections B1 through B3. 


B1. Intellec Hex Paper Tape Format 


In the Intel Intellec Hex Format, a data field can contain either 8 or 4-bit data. 7wo ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 


Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac- 
ters. Comments (except for a colon) may be placed on the tape leader. 


The format described below is readily generated by the Intel Intellec Microcomputer Development System or by systems 
programmed by the user. 
1. RECORD MARK FIELD: Frame 0 
The ASCII code for a colon (:) is used to signal the start of a record. 
2. RECORD LENGTH FIELD: Frames 1 and 2 


The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order 
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record 


contains two ASCII zeros in this field. 
3. LOAD ADDRESS FIELD: Frames 3—6 


The four ASCI] hexadecimal digits in frames 3—6 give the address at which the data is loaded. The high-order digit is in 
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address: 
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start- 
ing address of the program. 


4. RECORD TYPE FIELD: Frames 7 and 8 


The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data 
records are type 0; end-of-file records are type 1. Other possible values for this field are reserved for future expansion. 
5. DATA FIELD: Frames 9 to 9+2* (record length)-1 


A data byte is represented by two frames containing the ASCII characters O—9 or A—F, which represent a hexadecimal 
value between 0 and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit, 
then either the high or low-order digit represents the data and the other digit of the pair may be any ASCII hexadecimal 
digit. There are no data bytes in an end-of-file record. 
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6. CHECKSUM FIELD: Frames 9+2*(record length) to 9+2* (record length)+1 


The checksum field contains the ASCI! hexadecimal representation of the two’s complement of the 8-bit sum of the 
8-bit bytes that result from converting each pair of ASCII hexadecimal digits to one byte of binary, from the record 
length field to and including the last byte of the data field. Therefore, the sum of all the ASCII pairs in a record after 
converting to binary, from the record length field to and including the checksum field, is zero. 


Intellec Hex Example: 


: 1031000031 1A320E03117E31CD40003A9231B7C2EE 
: 1031100060310E001 17031CD40003A9231B7C2607B 
: 10312000312A7E31227A310E03117E31CD40003AB0 
: 103130009231B7C260312A8C317CB5CA50310E044D 
: 103140001 18831CD40003A9231B7C26031C3273186 

: 103150000E01117A31CD40000E091 19031CD4000A1 
: 103160000E0C119231CD40000E09119031CD40006E 
: 0A3170007E3196310100000092311B 

: 10317C0092310100963180008C31923100009631F 1 

: 04318E0092319231B7 

: 02319400923176 

: 00310001CE 


B2. BPNF Paper Tape Format 


The format requirements are as follows: 


1. All data fields are to be punched in consecutive order, starting with data field O (all addresses low). There must be 
exactly N data fields for a N x 8 or N x 4 device organizations. 


2. Each data field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4 
data characters between the B and F for aN x 8 or N x 4 organization, respectively. 


NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A DATA FIELD. If in prepar- 
ing a tape an error is made, the entire data field, including the B and F must be rubbed out. Within the data field, a P 
results in a high level output, and an N results in a low level output. 


3. Preceding the first data field and following the last data field, there must be a leader/trailer length of at least 25 charac- 
ters. This should consist of rubout punches (letter key for Telex tapes) or null characters. 


4. Between data fields, comments not containing B’s or F’s may be inserted. Carriage return and line feed characters 
should be inserted (as a ‘‘comment’’) after each 72 characters. When these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes of error checking. The customer may also find it helpful to insert the 
word number (as a comment) at least every four word fields. 


5. Included in the tape before the leader should be the customer's complete Telex or TWX number and if more than one 
pattern is being transmitted, the device pattern number. 


6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers. 


Example of BPNF 2048 x 8 format (N = 2048): 


Start Character Stop Character Data Field MSB LSB 
Leader: Null characters, Trailer: Null characters, 
Rubout Key for TWX. or BPPPNNNNNFBNNNNNNPP Feee BNPNPPPNNF Pubaut Kevetor FW. oF 
Letter Key for Telex Letter Key for Telex 
(at least 25 frames) Word Field 0 Word Field 1 Word Field 2047 (at least 25 frames) 


Example of 512 x 4 format (N = 512): 


Start Character Stop Character Data Field MSB- LSB 
Leader: Rubout Key Trailer: Rubout Key 
for TWX and Letter BPNPNF BNNNN Feecceeee BPPPPFE for TWX and Letter 
Key for Telex (at least Key for Telex (at least 
25 frames) Word Field 0 Comment Word Field 1 Word Field 511 25 frames) 
(see text) 
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B3. Non-Intellec Hex Paper Tape Format 


For the non-Intellec Hex Format, a data field can contain either 8 or 4-bit data. 7wo ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 


Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a 
leader/trailer length of at least 25 null characters or rubout punches. 


The format requirements are as follows: 


1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi- 
cate the end. All data fields are to be punched in consecutive order, starting with data field OOy (all addresses low). 


2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an 
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair 
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word 
field. The other character may be any hex character. 


A field of ‘‘don’t care’ data is allowed. Data after a field of ‘don’t care’’ will be programmed starting at an address 
location enclosed in parentheses. In the following example, data is entered in addresses O00, to 05y, followed with 
“don't care’’ from addresses O64 to 25,,, data being entered again starting at address location 26,4, and followed with 
‘don’t care’’ data to the last address location. 


oe _ ee 


Start Character Data Fields from Address Location Data Fields from End Character 
Address 00}; to 05,4 where Data is to be Address 264 to 2Ay 
Programmed 


3. The x character may be used to rubout any erroneous character(s). The # character may be used to rubout an entire 
line up to the previous carriage return. 


4. Spaces are allowed only between separate word fields. 
5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape. 


6. Comments must be placed only between the tape leader and the start of the first data field. 


C. Computer Punched Card Format 
The following general format is applicable to the programming information sent on computer punched cards: 
1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted. 


2. A single deck must consist of a Title Card followed by the data cards. There wil! be N/8 or N/14 data cards for N words 
x 8-bit and N words x 4-bit devices, respectively, in the PN format. 


For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and 
one end of file card. 


C1. Intellec Hex Computer Punched Card Format 


Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only 
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form. The entire data field for all 
bits must be punched even if it is “don’t care’’. 


DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 
NO. OF OUTPUTS 


4o0r8 Column Data 
TITLE CARD INTEL 1 Punch a T a4) 
DESIGNATION 
CUSTOMER'S P/N 2-3 Blank 
CUSTOMER'S DIVISION OR CUSTOMER'S 4—28 Customer Company Name 
COMPANY NAME LOCATION P/N 29-30 Blank — 
Ht oo SSS aH 31-50 Customer's Company Division or location 
ee coer Spree ann eal : rT 51-52 Blank 
Oo eter ae 53—61 Customer Part Number 


1 i | t 62-63 Blank 
Cee eee eee dota reeetciuverse rine se ameLeiacane cies ne 64-72 Punch the Intel 4-digit basic part number and 
PPPUEEUES ELAR T TLE UEET ETAT ELT TS TTP P QUAM a Qi Mei ger ee rire eigayeirarerigaaaggqaies in (_) the number of output bits; e.g., 2708 
PESEREEEEELESEEEEE LEEETERETELELE PREP EERAEEEREREEEEEESEEE LLELECE TREE eeeee ees) (8), 2316 (8), or 3605 (4) 
TEEEEEEESS) 01 | SEED) 55] SESEESEREEFESED! EB] | EEEE! B) BEFEEEEEEES) FREESE! | FEDEEEESESS 73-74 — Blank 
75-76 Chip number for ROMs with programmable 
chip select inputs. If not applicable, leave 
blank. 
77-78 Blank 
79-80 Punch a 2-digit decimal number to indicate 
truth table number. The first truth table 
PAPER. TEMAREL EEL EULER. LELELELELEST ESTES Tote Le will be 00, second 01, third 02. etc. 


so 5 


eC PR OCC PCO e PPO E SCOPES OPEC ROSE CES OSEESOOCOSCCESSEESOCES COCEECES! COCR CEES! 


SSSSSSSSSHSPSSSSHSSSSSSESSISSSSSSSSSSHSSSSSSSSSSSSSSSSSSSSSSSSSBSSISSS SSMS Ess sss 


BEEK ERGECEEEEE EMEC ECE EMEC EEE ES EEEEERFES EEE EERE GES BS ECE SEES SS HERS ESEREER REESE EES 
PURE CM SEG P Peer a aaa ae 
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i a  ——————EEeEE—e——E——EE 


a. N word x 8-bit device 


Column Data 


1 Record mark: A colon is used to signal the 
start of a record. 

2-3 Record length: This is the count of the actual 
data bytes in the record. Column 2 con- 
tains the high order digit of the count, 
Column 3 contains the low order digit. A 
record length of zero indicates end of file. 
All frames containing data will have a 
maximum record length of 10. bytes 
(32 decimal). 

4-7 Load address: The four characters starting 
addresses at which the following data will 
be loaded. The high order digit of the load 
address is in Column 4 and the low order 
digit is in Column 7. The first data byte is 
stored in the location indicated by the load 
address. Successive data bytes are stored in 
successive memory locations. ROMs con- 
taining more than 32 bytes of data will use 
two or more records or cards to transmit 
the data. Although the load address for the 
beginning record need not be 0000, each 
subsequent load address should be “10,4,” 
(32 decimals) greater than the last. 

8-9 Record type: A 2-digit code in this field speci- 
fies the type of this record. The high order 
digit of this code is located in Column 8. 
Currently, all data records are type 0. End- 
of-file records will be type 1; they are dis- 
tinguished by a zero RECORD LENGTH 
field (see above). Other possible values for 
this field are reserved for future expansion. 

10—73 Data 

75—75 Checksum: Same as paper tape format. 

76—78 Blank 

79—80 Punch same 2-digit decimal number as in Title 

Card. 


b. N word x 4-bit device 


This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions: 


Column Data 


10—73 Each memory location is represented by two 

columns containing the characters 0-9, 
A—F. Since this is 4-bit data, the user must 
indicate which character of each pair is to 
be used as valid data. A single deck must be 
submitted without mixing first and second 
characters of the pair. 
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ne ee ee 
C2. PN Computer Punched Card Format 


A word field consists of only P’s and N’s. A punched P will result in an output high level and a punched N in an output low 
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be 
punched even if it is “don’t care’’. The data field must begin in consecutive order, Starting with address O (all addresses 
logically low). 


DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 


NO. OF OUTPUTS 


4or8s 
TITLE CARD INTEL Punch a T 
DESIGNATION 
CUSTOMER'S P/N Blank 
CUSTOMER'S DIVISION OR CUSTOMER'S Customer Company Name 
COMPANY NAME LOCATION P/N Blank a 
ah eee PR ORNS | oa I Customer’s Company Division or location 


Blank 

Customer Part Number 

Blank 

Punch the Intel 4-digit basic part number and 
in ( ) the number of output bits; e.g., 2708 
(8), 2316 (8), or 3605 (4) 

Blank 

Chip number for ROMs with programmable 
chip select inputs. If not applicable, leave 
blank. 

Blank 

Punch a 2-digit decimal number to indicate 
truth table number. The first truth table 
will be 00, second 01, third 02, etc. 


Paths CLARA CALIF 
| ie ee | | 
TT | i | 5 
POOCTOPRR OCCT OM COOP OOD OOOO OO TOOM OURO o DOO NOO CODON NGO DOOD N OOOO OD OpO DOO NNND i 
bitditrire l 


VOUT 22 ES 1G FS AG 17 18 19 20 21 22-29 24 25 26 27 Qu cS 30 It 27 39 D4 DS WG DT WO 38 40 a) 02 42 0 OS AG A 48 49 5051 52.52 54 SS 56 57 S859 68 t 6263 64 ES 8667 6889 7071 72792075 ET ed 


POORER eRe Rees Cel SOME OF Ons PORE ROeee Lee eee eer eeeeeeee 


tek kkk eke kkk kkk 2227 
3333393330308 3 3398 33833939939993999339 939989339839 3939333993g993993gg 99939333393 


RECO REPOS EE CRORE CER OSECOEEECUCU ERE CORSE UCREECOSEECOOESOCOCES COORESEES COUPEE OR | 
SSSSSSSSSHSMSSSSMSSSSSSSSSSSSSSSSSSSMSSSSSSSSSSSSSSSSSSSSSSSSSMSSSSSSS SMS H555555 
CEC HCFC HE FH ECE CME CH CEE MG CCE C ECE CHHE FECES ECE EES HG GMC CCE SCH SBSEG GEE E SESE GEES EG 66S 
PEPTTMPTTT TT T TT TTTTT 
PROSCAR RHRAKARERRBSRRRSAGHBKAABBEBRBBARBARHRRRRRAASRRABHBRAGH HBG BB BBRLK OM RMS S88 
F999999H995999M99Ms9999M999999 9999999999999993999999999999999999999999999999999 


SP MG OEE ED PATS HG TP O19 2028 22-27 24 2h we 2? MH LG IO HM 37 1D 34 SS WIT IO DG AO Ad a2 03 08 aS OB OP AB A927 51 9759505: Se AST ET Eee eh LOBOS OCT ty hs SRT Te Sol 
teat (5061) 


Title Card Format. 


For a N words X 4-bit organization only, cards 2 and 
those following should be punched as shown. Each card 


Punch the 5 digit dectmal equivalent of the 


specifies the 4-bit output of 14 words. binary coded location which begins each 
card, The address is right justifled, i.e., 
POGBO, BBG14, BBSG28_ etc. 
Blank 
28 DECIMAL NUMBER Data Field 


DECIMAL WORD 

ADDRESS BEGINNING MSB 
EACH CARD 14 DATA FIELDS 
| = 


MY PNET NNNN PREP NNNFE FPN NEP PRP FNP PRM MERE Patt & 


INDICATING THE Blank 
TRUTH TABLE NUMBER Data Field 
Blank 
ao Data Field 
‘Blank 
Data Field 


FER ONMPP OPRNF tf 


GOOG CHEE COON BROR BREE CUED BURR BERR CHGS CURD GRRE BOGE BO08 Bone 
See | | 
V2 7 OS GF O98 101 1252 14 NS 1G TT 1099 2021 22 2) 24 25 2627 2029 II SUSE 3S 6 17 38 8 a) 42 43 AS 6 OT 08 AS SST S253 5455 S657 5859 60 G1 62 $3.64 65 GE 67 60697071 :72:79:70 7S 7672 7829 OB 
VEVTUPEDUTTPETTD PPT T EET EE DEPT EEL TED DEDEDE Edd 
Ferree cere e eee eee eee eee ee eee eer e eee eee P eee ee PELE eee ee ee eee eereeeeeeeeeeeeee, 
3939339333933999393939399399393399392339393993933393333393939999339339339933933333939333933 
ERRORS ERCEOCOSOCOCOSLOCOSCECORECSOOUCECSOSOOEOSUEUO ECO SUOS OUT EUT ETE R VERT TVS Ey TE 
SSSSSSSMSMSMMURSSSSSSMMRS SS MM BRS SSS SSMS SMSMSSSMMSBSSSSSMMBSSSSSSMBSSSSBBSSS555 
CCE EEEE ECE E CECE ECCS ECE SEC EE EGOS ECCS GCE CG CESS CCGG OBOE SES C CEO GESG ESE GSEOEOSGSEOEGEG 
ORees th teeeeees ||| eee bh | Seeeee | te) | pee te en | been | | oe beeen | || Seed | on Sad See 
BURR RRRR ABA ERBBRRBBS HBB R BAR RBERS CESS BBERBARBBSR BSA SSRRASR ERG RBAREBRRBABRBSRBRE 
99999999999999999999999999999999999999999999999999999999999999999999993999999999 


r2yesere SHOUT AZT) AGUS 1G EE 1B 19 20 24 22 23 24 25 26-27 2829 IO I 32-22 4 3S HE 27 WO 39 40 4S G2 47 48 AS OG 7 48 6950 51 S253 5455 596 $7 58596061 62.6) 64 65 66 63 6869 7071 TTD PATS TE TEIN T2 08 
tem (Sap) 
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Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Punch same 2 digit decimal number as In 
title card, 


For a N words X 8-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 8-bit output of 8 words. 


LSB 


MSB 


DECIMAL WORD DECIMAL NUMBER 
ADDRESS BEGINNING INDICATING THE 
EACH CARD 8DATA FIELDS TRUTH TABLE NUMBER 


im 


BU 


amas 
LSS RRR RRR PRRHMNER FREON PI PR RTNERE NNNNNEEE NNPE ANNE PARR HP 


SURECGRE BERDUGGR COURRROE SOCRRREE REDTURED RRCRRORG GHGRRHOG BReEoneS 
Fe | | 
re ee See Se Ste einer eee Sie ee ieee roe Pie PE ee Sie Bie Bese Ee Bie Bik LIne oE Ee Gre De eee ee Ree a | 
PEVEEEDP DUPED UU TET EEE PEPE TEEPE TUT T TEED E TEEPE UTEP EEE EE PEPE UTED 
Fee EEE Cee ee eee eee eee e ee Tee eee Tree ree eee ee ee eee eee eee eee eee ee eee ee eee eee eee, 
399939933999999999999999999959999999999999999999999999399999999999993999399999933 
RR RR EOE PORE RERSECCOCUSSEOS CORPSE SMEREECOEOCESCOCEEOESOSCEOCECOCORSSOOSCECOREEREES| 
SSSSSSSMSMRRBES 555 SRBBSS 5 SOBRE. 5555 5BMS 50555 ORES 555 MUU ORS 55 SUBS SOBRS SS BBS SOB5555 
TEHCCEGE GOCE CEG EEE ESESES TOL DES OES GHB SC OCHS EEE O OGL SE ESOS HOSES SHS OE DOE SSO OSBEESOES 
eens Eh teeeees | || eee re Pee | eee ee | Pee | | eee | | ee | ee Pe Pe | ee 
BHR RORRCR REC OER H RGR RR HHS SAR RG BRE GHRSERHRRBE CORR RHR S HGR HRBSRHREBBSERRBEB RG RERR BE 
PESEREEEESRELELESEEEREEPRSSEEESEELESLEEEEESOESEEEEEPSEALELRERSALEEEEEEERSSSIELE] 


D. Custom PROM/ROM Order Forms 


Punch the 5 digit decimal equivalent of the 
binary coded location which begins each 
card. The address Is right justified, i.e., 
BBGGO, GOGG8, BGG 16, etc. 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Punch same 2 digit decimal number as in 
title card. 


All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order 
forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave., 
Santa Clara, California 95051. The ROM Order Forms for the 4001 and 4308 are shown on pages 8-97 and 8-108, respec- 


tively. 


The order forms for the individual PROMs/ROMs are listed in Table II below. 


Table Il 


PROM/ROM 
Part Number 


MOS EPROMs 
8748, 8755 


2316E, 8316A, 8316AL 
8048 
8308 
8355 
Bipolar PROMs/ROMs 
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1702A/4702A/8702A Family 


CUSTOMER EPROM 2708/8708/2704 Family 
eine 2716, 8748, 8755 


For Intel Use Only 
Phone # 


Company Contact Date 
P.O. # Intel Device P/N 


Company 


S# 


All custom MOS EPROM orders must be submitted on this form. Programming information 
should be sent in the form of computer punched cards or punched paper tape per the 
formats described in the Programming Instruction section of the Intel Data Catalog. Addi- 
tional forms are available from Intel. 


MARKING 1 


The marking will consist of the Intel Logo, the product and package type (B1702A), the XXYY 
4-digit Intel pattern number (WWWW), an internal manufacturing traceability code (XXYY), 
and the customer part number (Z....Z). The customer part number is limited to a maximum 


of 9 digits or spaces. 


B1702A 


1702A MARKING 
EXAMPLE 


CUSTOMER PART NUMBER 


Customer P/N Intel Pattern Number 
(Please Fill-In) (Please Do Not Use) 
J Ui b—4 4 te yp it tt Say iso) Cores ene! Gee Oe es ee Corn 
2: eas St el of a es eee Mees ceed ees) Meee Came) ame a 
3 L411 111 _1_1_J a Ree om ee ees CER ord 
Ae Veet A et Ap t= Sh Dd fd 
6) ba et st 5 bet te 
Ce he oe Sh Pd i ee 
7 +11 11 1 11 4 7. a 
9 tat ed (> I CoE Tee) Cae aa Cas 
GO: bet td et ro ey Cae a Se Oe La Seat CNR ees 
hie @ @bS Se el Pe a dd 
Dale eet eee ee Dm eet CoP ees Ca CR V2: dea ed) 
Wis: Hii AS) ica Ee a eed 
Ae tee ed VAY ite te es eds ed 
> ae nee: West CaM! EAR URRIC: RS etle {i> Rip Ce ore CRE Snes re Keen am | 
1S ae, Es EO GO ee See SN es Se UG ih a 8 i 
7 iy ms CRE RE! creel UME: LE A We cl NZ Ge fh ee 
TO fe | ey a YL Ce | 
19) ph Sts ie Ad 19 i oe 
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2316E 


8316A 
8316AL 
CUSTOMER 16K ROM 
ORDER FORM 
B 


For Intel Use Only 
S# 


Company Phone # 


Company Contact Date 
P.O. # Intel P/N & Pkg 


\ custom 16K ROM order must be submitted on this form. Programming information 
hould be sent in the form of computer punched cards or punched paper tape per the 
ormats described in the Programming Instruction section of the Intel Data Catalog. Addi- 
ional forms are available from Intel. 


AARKING 

he marking will consist of the Intel Logo, the product and package type (P2316E), the O 

digit Intel pattern number (WWWW), a date code (XXYY), and the customer part number P2316E WwWWWw 
Z....2), The customer part number is limited to a maximum of 9 digits or spaces. XXYY LicicsZ 


1 


P2316E MARKING EXAMPLE 
Sa ee es 
MPORTANT MASK OPTION SPECIFICATION 


he chip select inputs are mask programmable and must be specified by the user. The chip select logic levels must be specified with 
ne of the below Chip Numbers. The Chip Number will be coded in terms of positive logic where a logic ‘’1” is a high level input. It 
nould be noted that Chip Number 4 for the 2316E is compatible to Intel’s 2716 EPROM. 


Chip Number CS3 CS2 CS1 
0 0 0 0 
1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 0 1 
6 1 1 0 
7 1 1 1 


ga 
USTOMER PART NUMBER 


Customer P/N 
(Please Fill-In) 


Chip Number 
(Please Fill-In) 


Fe Elsreet Eee etl Utes Cees 
2 Kaan Sse a (Ee ee ee 
x ees Co a SD 
eh he 
Ol 8 salt Pe he hs 
3 Mee ee SP ed ene) ee em 
Pe Be 
2 feet ee a ee es 
Oe te a 
10.41 4 4 a 


17 Lib i a 


3-63 


Intel Pattern Number 
(Please Do Not Use) 


Wi SS hs 
Py ese Vas el Dea! ee Dey 
<i Se alee: CR: a 
a ee CC 
Dd ht 
2 Rie Herat EMS GAREY emer Clee! SR 
Diode Be el oe ee) 
3 og Orel Seemed OMe! ae eee Cen SS 
Othe Se 
PO od 


17 ta 4 1 4 1 4 4 


804 


CUSTOMER 8048 ROM 
ORDER FORM 
Cc 


For Intel Use Only 
Company _ Phone # 


Company Contact Date 
P.O. # Package Type: CJ Plastic CJ Cerdip 


All custom 8048 orders must be submitted on this form. Programming information should 
be sent in the form of computer punched cards or punched paper tape per the formats 
described in the Programming Instruction section of the Intel Data Catalog. Additional 
forms are available from Intel. 


MARKING 


All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8048), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 


XXYY Vy A 


pg04g8. = WWWW 


1 
P8048 MARKING EXAMPLE 


CUSTOMER PART NUMBER 


Customer P/N Intel Pattern Number 
(Please Fill-In) (Please Do Not Use) 
fGae, Mei (eoeras Cmets Seee (amet Lene: Cee mae ee ; a aes CE (ea ee ey 
2) pee oh ee ed ia Med see Cee MR Vy ORT A, (| 
Oo aie det Bese tS 
Aa 7a te fh he eS 7 a aaa a cael Ure Len! Goes ees (ee 
Or. ite ie ee Se Ge i ee] 
6 Visi 1S Sl 6. ta A 
GP to a dt fe Ste eS De — ee 
sg: (CMBR: UNnC aEeL| ROES Mav! emery Leen con Bo a ot ol 
Oe Me Pe et © ne mas EPA Eve! ere! Sn La CR See | 
10° tee he A VO): docile oP Sd 
i i ae eee: a nn Pens GR Ge eee ees ee ja aE Comme ate Wes nce rea eects Eserea ee 
12. ea ee 12>. Vodiosae oe cee 
eS ee le Bos Se se ed es) 
14 ste ed VAs Aes AO a 
i gas ere ie el el ae 15) oe od 
© ce eee eae Ps A Ca! else Ve | TGS: oh i ie ss hie 
Vee ee ed | anes eS Coe Coe ice ewes AE rere ee 
18. he ee TO) (ies rs i eh 
iS a, es aes Sa) CE es a 19) ee pe ie ee 
74 OE aes ee es Cae eee eee De | Bes QO i i i Pe I ea 
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8308 
CUSTOMER 8308 ROM 


ORDER FORM 
D 
For Intel Use Only 
Company Phone # 
Company Contact | Date 
P.O. # Intel P/N & Pkg 


All custom 8308 ROM orders must be submitted on this form. Programming information 
should be sent in the form of computer punched cards or punched paper tape per the 
formats designated on this order form. Additional forms are available from Intel. 


MARKING 


The marking will consist of the Intel logo, the product type (C8308), the 4-digit Intel O cs8308 wwww 
pattern number (WWWW), a date code (XXYY), and a maximum Q-digit number (Z....2Z) | XXYY 

hich i ified by the user. The 9-digit number may be a part numb the 8308 chi 
Mb eee ee esr tea i 2ZZ2ZZZZ2Zz 


1 
C8308 MARKING EXAMPLE 


IMPORTANT MASK OPTION SPECIFICATION 


The CS2 chip select input is mask programmable and must be specified by the user. The chip select logic level must be specified with 
one of the below Chip Numbers. The Chip Number will be coded in terms of positive logic where a ‘’1”’ is a high level input. 


CS, CS2 
Chip Number (non-programmable) (programmable) 
0 0 0 
1 0 1 
CUSTOMER PART NUMBER 
Customer P/N Chip Number Intel Pattern Number 
(Please Fill-in) (Please Fill-In) (Please Do Not Use) 


fo he ge 


7 Yoo M es ooh eB 2 ls if sf AF i ed 2 fees 1A, A 
<n es a CS > ba Si ee <S  eced Cemen mee eleae eneS SAE CEY[en 
Oe et Bh Ss oes cal ieee ines es es mena en Qo St 
© an iene EA ee ns a Cen oy Mabe Mea VE Creer meal Sava sey ae eae As AM MNP NN CE COE er 
cy cea ae Va eS ee CP ae | 5 gmp Meare ete Ci ame cere ae i a a cs eC SC 
© aan RTs (ces Re Ve eee eee a 7 ji, ee Cm! ek Cs Dee See 0 st 8 Se 
Be ae ae ee hy cig reel ees ee Leen re Eee Oo ia i he 
ay nea) nee CON! eee aN a Us| O° firth ae. t Sd Orie ea AE 
| 6 Ii Cees nes Sees Deel aes Re CRESS comeel K| 100 PO i Sh 
dely qi eee sh = cy ie teens Dee noe a ees : i a Maes ames cas CR tess eet Cee Cee Se 
2s ie he Se a] TZ “Ae lise A os ll 12 ee ed 
| Cas ee CD SS Ln SY eee SO (em 13) ee Vo he et 
TAS a se 14 Vet 14 (a et 
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CUSTOMER 8355 ROM 
ORDER FORM 
E 


Company Phone # 


Company Contact : Date 7 
P.O.# Package Type: LC) Plastic CJ Cerdip 


All custom 8355 orders must be submitted on this form. Programming information should 
be sent in the form of computer punched cards or punched paper tape per the formats 
described in the Programming Instruction sectin of the Intel Data Catalog. Additional forms 
are available from Intel. 


MARKING 


All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8355), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 


CUSTOMER PART NUMBER 


Customer P/N 
(Please Fill-In) 


(SN Cee See Ee Ce ee Woe 
ceed comes Eee) Pesce Laced (lee) eee) ones See 
ee ie es ee a 


a 


De 
et ee 


A 


Lod a ee 


o Oo NO oO FP W DN 


i 
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oO oa vn Oo nn FP W NY — 


—_ j—_ = 
NO = Oo 


13 


835! 


For Intel Use Only 
S# 
STD 
APP 
Date 


RXYY = ZasieZ 


O 
] P8355 WWWww 


1 


P8355 MARKING EXAMPLE 


Intel Pattern Number 
(Please Do Not Use) 


SS Ee eee Ee Se ee ee 
SEES) Exams lone Leawen! Unicel Seon) Comes BUM Bae 
as anaes eae ara: ae ES eee See 
ESS es Kone Dame (Ams! Pere Cen Me ee 
ens Eee ee eee Seas I rw ees ele 


Eases Uieees Kesreser eens! Camere! Kenas] Usman Cavin! Game | 


36AA PROM 


33AA ROM 
CUSTOMER BIPOLAR PROM/ROM 
ORDER FORM 
F 
For Intel Use Only 
Company Phone # 
Company Contact Date 
P.O. # Intel Device P/N 


Ail custom bipolar PROM/ROM orders must be submitted on this form. Programming 
nformation should be sent in the form of computer punched cards or punched paper tape 
ver the formats described in the Programming Instruction section of the Intel Data Catalog. 
Additional forms are available from Intel. 


IMPORTANT HEX AND INTELLEC HEX FORMAT INFORMATION 


\ word field must be 8 bits in the hex format. Consequently for N words by 4-bit devices such as the 3605, it is important that you 
ndicate by checking the box below whether the submitted tape or card deck for programming is right or left justified. 


CO Right Justified C] Left Justified 
VIARKING 
All devices will be marked as shown at the right figure. The marking will consist of the Intel O D36AA 
Logo, the product and package type (D36AA), the 4-digit Intel pattern number (WWWW), a XXYY WwWWww 
Jate code (XXYY), and the customer part number (Z....Z). The customer part number is | 
imited to a maximum of 9 digits or spaces. ZZZZZZZZZ 


1 
D36AA MARKING EXAMPLE 


CUSTOMER PART NUMBER 


Customer P/N intel Pattern Number 
(Please Fill-in) (Please Do Not Use) 


— 


De te Ne 


2 Lattin Peg eee aceite: ed Ce Aan eee) De | 
Jag Caen rome Cel Severe bata! SERS [ne Eames ca iC Gat Sn! eae ens Leet ieee! eal ner ee | 
ye Es Lene OR ME Pe CR FO Uae Ce oe See a ee ee ae ee 
a a rr! Us Ve es eo Ue gn em cee (Aen eats me Le cae Uma 
Odes a he te GO? Gi 20 A 
| ame Se Cones LAs Cores eer Ges SE Ween Me es Nese BS Me Sb 
Oe fh i i O: Ate te te) 
fay ie a SD RS Os ee es 2 ae oA RD eae ees Es aes Wes ees ee 
VO Ai ee Sh Oy a 
Tk Shee fs ee et lg 
Nee he ec eS? ft aah es ae Se i sale Ve: ened RR se! oN ns ee es a 
TOs pee ec 9h i he es Sa Si WS fe aE 
14.) fy pt te yt 14S eh fi a ee 
1 a OD 1D) (Sh te ee 
16 5 ) yp yy yp gg PO i ee Te 
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il. MOS EPROMs 
A. Erasure Procedure 


As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMs is to illuminate the 
window with a UV lamp which has a wavelength of 2537 Angstroms (A). The data sheets specify a distance of 1 inch and 
erase times of 10—45 minutes, depending on the type of device and UV lamp. Actually, the amount of time required to erase 
a device can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per 
square centimeter (W-sec/cm2). Table III lists the required integrated dosgae (UV intensity X exposure time) for the EPROMs 


currently in production by Intel. 


Table I!l. Required Erase Energy for Device Types 


2537A Erase Energy 


1702A/4702A 6 W-sec/cm2 
2708/8708 15 W-sec/cm2 


2716 15 W-sec/cm2 
8748 15 W-sec/cm2 
8755 15 W-sec/cm2 


The erase energy expressed in Table III includes a guardband to ensure complete erasure of all bits. /t is not sufficient to 
monitor “first bit’ erasure to determine erasure time, as some other bits in the array may not be erased. 


A1. UV Sources 
There are several models of UV lamps that can be used to erase EPROMs (see Table IV). The model numbers in the table refer 
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers, 
including Data !/O (Issaquah, Wash.), PROLOG (Monterey, Calif.). Prometrics (Chicago, III.), and Turner Designs (Mt. View, 
Calif.). The individual manufacturers should be consulted for detailed product descriptions. Also shown in the table are 
typical erase times for various combinations of Intel PROMs and lamp intensities. 


Table IV. 


Minimum Erase Time for Indicated Dosage 
Without a Filter Over the Bulb 


Power Rating 15 W-sec 


2708, 8708, 8755 
2716, 8748 


13000 pW/cm2 7.7 min 19.2 min 
12000 uW/cm2 8.3 min 20.7 min 
12000 pW/cm2 8.3 min 20.7 min 
5700 uW/cm2 17.5 min 43.8 min 
5500 wW/cm2 18.2 min 45.6 min 


According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be 
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which 
will interfere with later programming and/or operation at high temperature. 

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet 
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp) 
as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of 
UV light that the window of the EPROM will receive. 


The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they 
should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements. 
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B. 1702A/1702AL Family Programming 


The 1702A/1702AL is erased by exposure to high intensity short wave ultraviolet light at a wavelength of 2537A. The recom- 
mended integrated dose (i.e., UV intensity X exposure time) is 6 W-sec/cm2. An example of an ultraviolet source which can 
erase the 1702A/1702AL in 10 to 20 minutes is the Model S52 short wave ultraviolet lamp. The lamp should be used without 
short wave filters and the PROM should be placed within 1 inch away from the lamp tubes. | 


initially, all 2048 bits of the PROM are in the ‘’0” state (output low). Information is introduced by selectively programming 
“1's (output high) in the proper bit locations. 


Word address selection is done by the same decoding circuitry used in the READ mode. All 8 address bits must be in the 
binary complement state when pulsed Vcc and Vgq move to their negative levels. The addresses must be held in their binary 
complement state for a minimum of 25 psec after Vpp and Vg have moved to their negative levels. The addresses must then 
make the transition to their true state a minimum of 10 usec before the program pulse is applied. The addresses should be 
programmed in the sequence 0 through 255 for a minimum of 32 times. The eight output terminals are used as data inputs to 
determine the information pattern in the 8 bits of each word. A low data input level (-48V) will program a “1” and a high 
data input level (ground) will leave a ‘0’. All 8 bits of one word are programmed simultaneously by setting the desired bit 
information patterns on the data input terminals. 


During the programming, Vgc, Vpp and the Program Pulse are pulsed signals. See page 2 of the data sheet for required pin 
connections during programming. 


1702A, 1702AL 
D.C. and Operating Characteristics for Programming Operation 
Ta = 25°C, Voc = OV, Veg = + 12V 410%, CS = OV unless otherwise noted 


Vpp = Veroc = -48V, 
V6G = -35V 


Symbol Test Typ. | Max. | Unit Conditions 
lupe Address and Data Input Load Current Ff 10 | mA Vin = -48V 

lLi2P Program and Vgg Load Current ee ee mA Vin = -48V 
ipa! Veep Supply Load Current | 10 | | m 


Vip Input High Voltage 
Vite Pulsed Data Input Low Voltage 
ViL2P Address Input Low Voltage 


ViL3P Pulsed Input Low Vpp and 
Program Voltage 


| Min. | 
Ee oad 
a 
Peace! 
Ipppl2! Peak Ipp Supply Load Current a 200 
fo 
ee 
| -40 


Vitap Pulsed Input Low Veg Voltage -35 


Notes: 1. The Vgg supply must be limited to 100mA max. current to prevent damage to the device. 
2. Ippp flows only during Vpp. VGG on time. Ippp should not be allowed to exceed 300mA for greater than 100usec. Average 
power supply current Ippp is typically 40mA at 20% duty cycle. 
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ROM/PROM PROGRAMMING INSTRUCTIONS 


1702A, 1702AL 
A.C. Characteristics for Programming Operation 


TAMBIENT = 25°C, Vec = OV, Veg = + 12V +10%, CS = OV unless otherwise noted 


Symbol Test | Min. | Typ. | Max. | Unit | Conditions 


tePw Program Pulse Width 2 3 Veg = -35V, 
Vpp = VproG = -48V 


a a 


tow Data Set-Up Time 

tou Data Hold Time 

tvw Vpp. Veg Set-Up 

typ Vop, Veg Hold 

tacw Address Complement Set-Up 


NO 
on 


taCH Address Complement Hold 
taTw Address True Set-Up 


N 


taTH Address True Hold 


PROGRAM WAVEFORMS 
Conditions of Test: 


Input pulse rise and fall times <1ysec 
CS = OV 


Niece ee 1 
| tacw——_————_ | 
| 


—* tacn ae 
| | 
| 
| l 


0 


BINARY COMPLEMENT BINARY ADDRESS 
ADDRESS ADDRESS OF WORD OF WORD TO BE 
TO BE PROGRAMMED PROGRAMMED 


—40 to —48 


0 


PULSED Vpp 
POWER SUPPLY 


—46 to —48 


0 


PULSED Vg 
POWER SUPPLY 


—35 to —40 


0 


PROGRAMMING 
PULSE 


—46 to —48 


| | 


DATA INPUT , Yy Yy 
(DEVICE DATA CAN DATA STABLE DATA CAN Y 
OUTPUT CHANGE y TIME Yj CHANGE WY 

LINES) YY 
—46 to —48 LL 
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C. 2708/2704 Family Programming 


Initially, and after each erasure, all 8192/4096 bits of the 2708/2704 are in the “‘1’’ state (output high). Information is intro- 
duced by selectively programming “0” into the desired bit locations. A programmed ‘‘0’’ can only be changed to a ‘’1"’ by 
UV erasure. 


The circuit is set up for programming operation by raising the CS/WE input (pin 20) to +12V. The word address is selected in 
the same manner as in the read mode. Data to be programmed are presented, 8 bits in parallel, to the data output lines 
(0;—Og). Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and 
data set up, one program pulse per address is applied to the program input (pin 18). One pass through all addresses is defined 
as a program loop. The number of loops (N) required is a function of the program pulse width (tpy) according to N x tpw 
2 100 ms. 


The width of the program pulse is from 0.1 to 1 ms. The number of loops (N) is from a minimum of 100 (tpy = 1 ms) to 
greater than 1000 (tpy = 0.1 ms). There must be N successive loops throuhg all 1024 addresses. /t is not permitted to apply N 
program pulses to an address and then change to the next address to be programmed. Caution should be observed regarding 
the end of a program sequence. The CS/WE falling edge transition must occur before the first address transition when chang- 
ing from a program to a read cycle. The program pin should also be pulled down to Vj, p with an active instead of a passive 
device. This pin will source a small amount of current (1); .) when CS/WE is at Viyw (12V) and the program pulse is at Vi, p. 


Programming Examples (Using N x tpy = 100 ms) 
Example 1: All 8096 bits are to be programmed with a 0.5 ms program pulse width. 
The minimum number of program loops is 200. One program loop consists of words 0 to 1023. 


Example 2: Words 0 to 100 and 500 to 600 are to be programmed. All other bits are ‘’don’t care’. The program pulse 
width is 0.75 ms. 


The minimum number of program loops is 133. One program loop consists of words 0 to 1023. The data 
entered into the ‘don't care’’ bits should be all 1’s. 


Example 3: Same requirements as example 2, but the PROM is now to be updated to include data for words 750 to 770. 


The minimum number of program loops is 133. One program loop consists of words 0 to 1023. The data 
entered into the ‘‘don’t care’’ bits should be all 1’s. Addresses 0 to 100 and 500 to 600 must be re-program- 
med with their original data pattern. 


2704, 2708 
PROGRAM CHARACTERISTICS 


Ta = 25°C, Vcc = 5V 5%, Vop = +12V +5%, Vag = -5V +5%, Vgg = OV, Unless Otherwise Noted. 
D.C. Programming Characteristics 


Symbol Parameter Test Conditions 

hoy Address and CS/WE Input Sink Current rm Vin = 5.25V 

WPL Program Pulse Source Current 

eH Program Pulse Sink Current 20 m 

lbp Vpp Supply Current m Worst Case Supply. 
Currents: 


im All Inputs High 
IgB Vep Supply Current m CSME = 5V; Ta = 0°C 
VIL Input Low Level (except Program) 

Vin Input High Level for all Addresses and Data 
View CSMWE Input High Level 


VinP Program Pulse High Level 


Referenced to Vss 


27 Referenced to Vss 


VitP Program Pulse Low Level Vine - Vip = 25V min. 


2) 
.?) 
Ss 
oO 
+ 
omoh 


| Min | Typ. 
a a 
ain an 
is er 
Pp 
Vcc Supply Current aac a 
| | 0 
| Ms | 
| 30 | 
| 4a 
a 
| Mss || 
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A.C. Programming Characteristics 


si nes 3 


tps Data Setup Time a ae Us 
taAH Address Hold Time a a ae a LS 
tcH CSME Hold Time es a ee “US 
tpr Program Pulse Rise Time ae. eee Us 
tpr Program Pulse Fall Time ee ee ee Us 


NOTE: Intels standard product warranty applies only to devices programmed to specifications described herein. 


2704, 2708 
Programming Waveforms 


1 OF N PROGRAM LOOPS ——W__-_-_> 


READ ———_> 


ee ey (AFTER N 
{ 12. Vin PROG. LOOPS) 
CS/WE 
Ci te Vv 
fr Vf ik 
beM tegg (10) 
Vin 


ADDRESS ‘a ADDRESS 0 ADDRESS 1 y eae ADDRESS 1023 
Vie 
Vie 


topr (10 MAX) 


(.1mS MIN) 
top (.5) —» PW (1.0mS MAX) ——> 


Vine 


4 04V 


PROGRAM 
PULSE 


(fi V Vie 


NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 
AND BEFORE THE ADDRESS TRANSITION. 


NOTE 2. NUMBERS IN () INDICATE MINIMUM TIMING IN uS UNLESS OTHERWISE SPECIFIED. 
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D. 2716 Programming 


Initially, and after each erasure, all 16,384 bits of the 2716 are in the ‘’1’’ state. Information is introduced by selectively 
programming “0” into the desired bit locations. A programmed “0” can only be changed to a ‘'1”’ by UV erasure. 

The 2716 is programmed by applying a 50 ms, TTL programming pulse to the PD/PGM pin with the CS input high and the 
Vpp supply at 25V +1V. Any location may be programmed at any time — either indvidually, sequentially, or randomly. The 
programming time for a single bit is only 50 ms and for all 16,384 bits is approximately 100 sec. The detailed programming 
specifications and timing waveforms are given in the following tables and figures. 


CAUTION: The Vcc and Vpp supplies must be sequenced on and off such that Vcc is applied simultaneously or before 
Vpp and removed simultaneously or after Vpp to prevent damage to the 2716. The maximum allowable voltage 
during programming which may be applied to the Vpp with respect to ground is +26V. Care must be taken 
when switching the Vpp supply to prevent overshoot exceeding the 26-volt maximum specification. For con- 
venience in programming, the 2716 may be verified with the Vpp supply at 25V +1V. During normal read 
operation, however, Vpp must be at Vcc. 


2716 PROGRAM CHARACTERISTICS (1) 


Ta = 25°C +5°C, Vec!2! = 5V +5%, Vpp!2.3] = 25v +1V 
D.C. Programming Characteristics 


Vpp Supply Current During 
Programming Pulse 


g 
n 


tps Data Setup Time pe 
tAH Address Hold Time 


”n Nn ~” 


tor Chip Deselect to Output Float Delay | oo | | 120 | ns PD/PGM = Vi. 


oi 
© 
ol 
77 a 


NOTES: 1. Intel’s standard product warranty applies only to devices programmed to specifications described herein. 


2. Vec must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The 2716 must not be inserted 
into or removed from a board with Vpp at 25 +1V to prevent damage to the device. 


3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be taken when 
switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 
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A.C. Conditions of Test: 


VCO eet ee Eee ee eee 5V +5% Input Pulse Levels... ..........000000- 0.8V to 2.2V 
VOR s ae GS Oa Se ew & edd ok OE-OR  e 25V +1V Input Timing Reference Level............ 1V and 2V 
Input Rise and Fall Times (10% to 90%) ......... 20 ns Output Timing Reference Level......... 0.8V and 2V 
PROGRAMMING WAVEFORMS 
Vpp = 25V +1V, Vec = 5V +5% 

PROGRAM Be partie 
ADDRESSES q ADDRESS N b ADDRESS N+m 


DATA IN DATA OUT DATA IN 
DATA > STABLE b VALID STABLE 
ADD. N ADD. N ADD. N+m 


‘DF ‘co ‘DF 
(0.12 MAX) (0.12 MAX) (0.12 MAX) 


tos tDH 


. patie . 
45V 


tess 'CSH 
(2) (2) 


gv PD/PGM 


tert ‘PFT 


NOTE: ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE uSEC UNLESS OTHERWISE NOTED. 


E. 8748/8755 Programming 


Initially, and after each erasure, all bits of the EPROM portions of the 8748 and 8755 are in the ‘1”’ state. Information is 
introduced by selectively programming “0” into the desired bit locations. A programmed ‘‘0”’ can only be changed to a “1” 
by UV erasure. 


The EPROM portions of the 8748 and 8755 are programmed on the Intel® Universal PROM Programmer (UPP). The UPP and 
its related personality cards for the 8748 and 8755 are described beginning on page 13-45 of this catalog. 


Il. BIPOLAR PROM PROGRAMMING 
A. 3621, 2K, 4K, and 8K PROM Programming 


All Intel bipolar PROMs except for the 3601/3601-1 are programmed with the algorithm described below. (The 3601/3601-1 
programming algorithm is described in the below Section IIIB.) This algorithm was developed specifically to program the 
3602A/3622A, 3604A/3624A, 3605/3625, and 3608/3628. The algorithm described in this section must be used on the 
aforementioned PROMs to insure properly and reliably programmed fuses. This algorithm may also be used to program the 
3621, 3602/3622, and 3604/3624 PROM families. It is preferred over previously published Intel algorithms for these PROMs 
for increased programming yields. 


Initially, all bits are in a logic 1 (high) state. To program a bit to a logic O (low) state, it is necessary to force 5 mA into the 
output to be programmed. A series of program pulses must also be applied to the Vcc power supply and to any one of the 
logically low true chip select (CS) inputs. The logic level of the other chip selects, in the case of PROMs with multiple chip 
selects, should be such that the PROM is selected during verification. 

Program pulses are applied to all outputs of a word in a cycle time. The program pulses are multiplexed during a cycle time to 
each output of the word to be programmed. If desired, a N word by 8-bit PROM may have its words programmed in two 
separate groups — the four lower order bits (0; to O4) and the four higher order bits (Os to Og). The operation in this man- 
ner is the same as for a N word by 4-bit PROM. For fastest programming time, it is preferred that all eight outputs be pro- 
grammed at the same time. 


The programming specifications are given in Table V and the programming waveforms are shown in Figure 1. The program- 
ming procedure (described with nominal specifications) is as follows: 
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1. A 5 mA current must be forced into the output to be programmed by a current source. The current source must be 
clamped to Vcc by a silicon diode. All the other outputs must be floating until it is their turn for programming. The 
Vec power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of Vcc is linearly 
increased from 0.2 ys to 8 ps according to the ramp time shown in Figure 3. The total ramp time for a group of four 
outputs is 180 ms and 360 ms for a group of eight outputs. ° 
The Vcc program pulses are multiplexed during a cycle time to the outputs of the word to be programmed. The cycle 
time (tcyc) between the Vcc program pulses to the same output will increase as the Vcc program pulse width increases 
from 0.2 ps to 8 us. The time (tp) between Vcc pulses of two different outputs is constant at 1.8 ps. 


2. All outputs must be continuously monitored for programming verification. This verification must occur after Vcc has 

been at 4.5V for 90% of tp and prior to Vcc rising to 12.5V. The program/verification cycles must still be applied 
(with the pulse width still linearly increasing to a maximum of 8 us) even though the output has been sensed as being 
programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on each output must be obtained to 
insure a correctly programmed output. This additional 128 verification is a minimum number and must occur after all 
the bits of the word are sensed as being programmed. Please refer to Figure 1 for the timing waveforms. 
More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should 
still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128 
verifications have occurred for all bits, a final Vec and CS pulse at a width of 2.5 ms is simultaneously applied to all 
outputs. Programming should cease if the 128 verifications are not achieved in 800 ms. 

3. A 4 mA +50% current must also be forced into CS3 (pin 19) of the 3608/3628 family and into CS4 (pin 18) of the 
3604A/3624A family during programming. If desired for commonality the 4 mA may also be forced into CS4 of the 
3604/3624 family. 

4. The 4 mA current into the chip select input may be easily accomplished by using a 1.2K resistor connected to a +15V 
power supply. The voltage on the chip select input will be approximately 10V with the 1.2K resistor. 


Table V. Programming Characteristics 


Ta = 25°C 


CS Program Pulse Amplitude 


tpw1 Vec Pulse Width at Beginning | 200 240 ns Measured at 12V 
of Pulse Train 
tpw2 Vec Pulse Width at End of Pulse 8.8 Us Measured at 12V 
Train 
Tcoss Chip Select Setup Time Measured from 1.5V on rising edge 
of CS to 5.0V on rising edge of Vcc 
Tes Chip Select Hold Time ns Measured from 5.0V on falling edge __ 
of Vcc to 1.5V on falling edge of CS 


tee = Vcc Rise Time 300 | 400 | 500 | Measured from 5V to 12V on Vcc 


= 
N 


ie Vec Fall Time Measured from 12V to 5V on Vcc 


Tr 
us ae 
Tcyc Time Between Pulses to Same [us Measured at 5V on Vcc 
Output 
Top DC Program Time After Verifica- 2.2 2:5 2.8 Measured at 12V 
tion Has Been Obtained 
Time Between Vcc Pulses to 1.5 Us Measured at 5V on Vcc 
Successive Outputs 


TRAMP Time During Which Vcc 
Pulse Width is Increased 4 outputs 200 
ms 
ao | a0 | 
2 mA | CS3 or CSq should be driven with a 
1.2K resistor from a 15V power 
supply 
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N 
© 
Oo 
n 


- 


ee 


Linearly from tpyw 7 to 
tpw2 8 outputs 


Current to CS3 of 3608/3628 or 
to CS4 of 3604A/3624A 


Q 
n 


}+———‘cve—____»|«-to-»| +8 tcyo———e le — ‘orm 
(SEE FIG. 2 FOR DETAILS) (NOTE 2) 
12.5V 
Vcc 
4.5V 
_ 23V 
e; cs 
oO <0.8V _| L_| LI L_| L_] L | | L | 2 | 22 | | 
S 
ye) 
i) 
zB 


=10V 
0.45V (MAX) doseeteettmecmencmememny 


PROGRAMMED 0 (NOTE 1) 


=10V 


0.45V (MAX) Jessen oemnntcemrmecey) 


PROGRAMMED 0O (NOTE 1) 
=10V 


0.45V (MAX) 


PROGRAMMED 0 (NOTE 1) 


Figure 1. Programming Cycles. 


NOTES: 1.PROGRAM VERIFICATION MUST OCCUR AFTER Vcc HAS BEEN AT 4.5V FOR 90% OF tp AND PRIOR TO Vcc RISING TO 12.5V. 
THE PROGRAMMED OUTPUT IS <0.45V WHEN CS <0.8V AND FLOATING WHEN CS > 3V. 


2. AFTER THE LAST BIT HAS BEEN PROGRAMMED, 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO 
BE CORRECTLY PROGRAMMED. 


3. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 ms Vcc AND CS PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY 
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED. 


tcyc 
‘pw ‘rR te 
12.5V 
12V 12V 
Vcc 
5V 5V 5V 5V 5V 
4.5V 
tp to 
tess t<0 ns tcsH 
23V T°? 
1.5V 

OV 

=10V 
OUTPUT 1 

=5V 

UNPROGRAMMED BIT 

=10V 

OUTPUT 2 


=10V 
OUTPUT N 


Figure 2. Programming Cycle Details . 
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(a) RAMP TIME IN PROGRAMMING 8 OUTPUTS 
(b) RAMP TIME IN PROGRAMMING 4 OUTPUTS 


tpw tpw 


Vcc PROGRAMMING PULSE WIDTH (us) 
Vcc PROGRAMMING PULSE WIDTH (us) 


100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 
PROGRAMMING ELAPSED TIME (ms) PROGRAMMING ELAPSED TIME (ms) 


Figure 3. Vcc Pulse Width vs. Programming Time. 


B. 3601 Programming 


The 3601 may be programmed using the basic circuit of Figure 1. Address inputs are at standard TTL levels. Only one output 
may be programmed at a time. The output to be programmed must be connected to Vcc through a 30022 resistor. This will 
force the proper programming current (3—6 mA) into the output when the Vcc supply is later raised to 10V. All other out- 
puts must be held at a TTL low level (0.4V). 


The programming pulse generator produces a series of pulses to the 3601 Vcc and CS2 leads. Vcc is pulsed from a low of 4.5 
+0.25V to ahigh of 10 +0.25V, while CS2 is pulsed from a low of ground (TTL logic 0) to a high of 15 +0.5V. It is important 
to accurately maintain these voltage levels, otherwise, improper programming may result. The pulses applied must Maintain a 
duty cycle of 50 +10% and start with an initial width of 1 (10%) us, and increase linearly over a period of approximately 
100 ms to a maximum width of 8 (+10%) us. Typical devices have their fuse blown within 1 ms, but occasionally a fuse may 
take up to 400 ms. During the application of the program pulse, current to CS2 must be limited to 100 mA. The output of 
the 3601 is sensed when CSp is at a TTL low level output. A programmed bit will have a TTL high output. After a fuse is 
blown, the Vcc and CSp2 pulse trains must be applied for another 500 us. The characteristics of the pulse train are shown in 
Figure 2. 


104.0 25V 
a. Vcc (PIN 16) —— 'pw 75V 
PROGRAMMING 4540 25v 


PULSE GENERATOR 


eI |—— {co 


15405V 


100 mA MAX 


| 


D. GS> «Pin 141 


ov 


8v 
C. SENSED OUTPUT TTL 1 = 
WAVEFORM eZ 
PROGRAMMED BIT 
OV TTL O > 


PROGRAMMED BIT 
pea UNPROG B 


SELECTION 
pw 
MAXIMUM 8 

d. PROGRAMMING 


SUES a BLS WO BuTY CYCLE 50210" 
WEGANO C22) Ns RISE AND FALL TIMES (MEASURED 
PROGRAMMING FROM 10 90 POINTS) 1009S MIN, 
TIME 300 nS MAX 

= EMINEM): 2 tcp (CHIP DISABLE HOLD TIME) 

i 0 100 400 mS 1 cnet ay 

4 PHASE SHIFT BE TWEEN Vcc AND 
PROGRAMMING £ LAPSE O TIME CS) 50 nS MAX w 7 SV 
Figure 4. 3601 Programming. Figure 5. Pulses During Programming. 
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MOS EPROM AND BIPOLAR PROM LITERATURE 


Intel has available reliability and application reports on their MOS EPROMs and bipolar PROMs. These reports may be 


zB obtained from the Intel Literature Department, 3065 Bowers Avenue, Santa Clara, CA 95051. 
% 
ITEM DESCRIPTION LITERATURE NUMBER 

1702A Silicon Gate MOS 2K PROM Reliability Report RR-6 
Polysilicon Fuse Bipolar PROMs Reliability Report | RR-8 

Intel 2708 8K UV Erasable PROM Reliability Report RR-12 
Application of the Intel 2708 8K Erasable PROM Application Note AP-17 

The Biggest Erasable PROM Yet — Puts 16,384 Bits Article Reprint from AR-20 

On A Chip Electronics Magazine 
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2708 8K UV EPROM 
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SERIAL MEMORIES 


Electrical Characteristics Over Temperature 
: Power Input 
Deals ep. hale Dissipation | Output Clock 
Type ae shill cde Min. Max. Max.[{1] Levels Levels 


2401 2048 Dual 1024-Bit Dynamic 16 | 25kHz 1MHz 350mW 
Recirculating 


SILICON GATE MOS 


2405 1024 1024-Bit Dynamic 16 | 25kKHz 1MHz 350m W 
Recirculating 
| 2416 16,384 | CCD Serial Memory 125kKHzZ 2MHz 300mW 


Note: Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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intel 1402A, 1403A, 1404A 


1024 BIT DYNAMIC SHIFT REGISTER 


«= Guaranteed 5 MHz Operation = Inputs Protected Against Static 
over Temperature Range Charge 
= Low Power Dissipation --.1 mW/bit « Standard Packaging -- 8 Lead 
at 1 MHz Metal Can, 16 Pin Ceramic 
= DTL, TTL Compatible Dual In-Line 
= Low Clock Capacitance -- 140 pF =" Three Standard Configurations -- 
Quad 256 Bit -- 1402A, Dual 512 
= Low Clock Leakage -- = 1A Bit -- 1403A, Single 1024 Bit -- 
1404A 


The 1402A/1403A/1404A are direct pin for pin replacements for the 1402/1403/1404. Due to “‘on chip” 
multiplexing the data rate is twice the clock rate. Data is shifted one bit on each clock pulse (both g, and $). 


The 1402A/1403A/1404A family is ideally suited for usage in low cost serial memories or delay line appli- 
cations. A high speed data rate of 5 MHz is easily obtained at the power supplies of +5V and —5V. The 
1402A/3A/4A are capable of operating at the power supply voltages of +5V, —9V as well as +5V, —5V. 


The input to the shift register can be driven directly by standard bipolar integrated circuits (TTL, DTL, etc.). 
The design of the output stage provides driving capability for both MOS and bipolar IC's. 


Use of low threshold silicon gate technology allows high speed (5 MHz guaranteed) while reducing power 
dissipation by a factor of two and clock input capacitance by a factor of three compared to equivalent 
products manufactured by conventional technologies. 


PIN CONFIGURATION 


OUTPUT 1C—41 16CIN 4 


IN 2048 9E-0UT 3 M1403A M1404A 


C1402A/P1402A 
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1402A, 1403A, 1404A 


Absolute Maximum Ratings" 


Temperature Under Bias O°C to 70°C Data and Clock Input Voltages 


Storage Temperature —65°C to +160°C and Supply Voltages with 


Power Dissipation '’ 1 Watt respect to Voc +0.5V to —20V 


D.C. Characteristics Ty = O°C to 70°C, Veg = +5V +5%, unless otherwise specified 
Vip = —BV £5% or —9V +5% 


a . 
___ CONDITIONS 
<10 1000 nA | Voyz=0.0V, Ta =25°C 

Clock Leakage Current 10 1000 nA Max. Vii os Ty =25°C 


Vip = BV £5% 


a See 
7 


mA T,=25°C Output at Logic ‘0’, 
5 MHz Data Rate, 
33% Duty Cycle, 
Continuous Operation, 


A Te=0°C Vitc=ec —17V 


Output High Voltage 2.4 3.5 V R, ,=3K to Vp + lo = —100 pA 
Driving TTL 


V Ri 9=4.7K to Vip 
(See p. 6 for connection) 


V, 


Ty =25°C} Output at Logic ‘’0”, 
3 MHz Data Rate, 
26% Duty Cycle, 
Continuous Operation, 


R, 1, =4.7K to Von, lo, = 1.6 mA 


R41 =4.7K to Voy, I yj=-100pA 


Von Output High Voltage 
Driving TTL 

Von2 Output High Voltage 
Driving MOS 


Note 1: Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Rio =6§.2K to Vop (See p. 6 for 
Ri3 =3.9K to Vec | connection) 


Note 2: The 1 watt dissipation is not to be construed as an operating rating (see note 1). For operating at elevated temperatures the device must 
be derated based as shown on page 3. When operating at Vop = —5V+5% the maximum duty cycle is 33% and at Vpop=—9Vt5% the 
maximum duty cycle is 26%. In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle = [tapw 
+ ‘Alt, + te)]x clock rate. 


Note 3: Typical values are at Ta = 25°C and at nominal voltages. 


1402A, 1403A, 1404A 


A.C. Characteristics T, = 0°C to 70°C; Veg = +5V +5% 


SYMBOL TEST 


Glock Rep Rate 


Vap =-9V +5% 


(Test Load 2) 


Vi56 =—5V +5% 
(Test Load 1) 


tow 


SYMBOL 
Coup Output Capacitance 


Cin 
Cour 
Co Clock Capacitance 
Note 1: See page 5 for guaranteed curve. Note 2: This parameter is periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test TEST LOAD 1 TEST LOAD 2 


Input rise and fall times: 10 nsec 
Output load is 1 TTL gate 


TL Crotar= 10PF ale CTOTAL * 1OPF 


Timing Diagram Yop. 22% Vpp= —9V 25% 
BIT 1 BIT 2 BIT N BIT N+1** BIT N+2 
BIT 1 BIT 2 
V 
10% Ee 
1 
CLOCK 
9 I— 
ss @D | | 
Itt CLOCK RATE ——*, 
‘oi Pw eared) , 
I 
I | 
6 : | 
2 iI | 
CLOCK l4e— 
| l 
patead | l | | 
DH oa | < | 
t | 
| @Itpapwi+DATA RATE + s 
DATA IN 
IN BIT 1 IN BIT 2 aa le tyy sea Lg tpa_ 
DATA OUT 
OUT BIT 1. OUT BIT 2 
“tow and toy same for tg2 **N = 256 for 1402A, N = 512 for 1403A, N = 1024 for 1404A 


1402A, 1403A, 1404A 


Typical Characteristics 


POWER DISSIPATION /BIT VS SUPPLY VOLTAGE POWER DISSIPATION /BIT VS CLOCK AMPLITUDE 


1 7 


SPECIFIED OPERATING SPECIFIED OPERATING 
SPECIFIED OPERATING SPECIFIED OPERATING ee Uer RANGE CLOCK AMPLITUDE RANGE 
=, VOLTAGE RANGE - VOLTAGE RANGE pee DUTWEVELE 33s DUTY CYCLE 
e DATA RATE OF 5 MHz DATA RATE = 3 MHz 
a Vite—Yee = -17V Vite—Yee = -14.7V cz 
4 5 8 
= = 
E — 
5 4 5 
fe) — 
< & 
a ”n 
a | 2 
a ra} 
a oad 
fog Ww 
we? = 
3 2 
a 
a 
0 
Vop—Vee (VOLTS) Vite — Vee (VOLTS) 
Ipnp CURRENT VS DATA RATE MAXIMUM DATA RATE VS 
CLOCK AMPLITUDE 
= 
x 
2g = 
cq 
e # 
- toew = 170 ns < 
x) Vite7Vee = -14.7V a 
Vpp = -9V F 
fa) SPECIFIED SPECIFIED 
OPERATING OPERATING 
CONSTANT PULSE WIDTH: shock CLOCK 
“ AMPLITUDE AMPLITUDE 
‘pew = 130 ns a RANGE FOR BANGE FOR 
Mio ever = 7 Yoo *78¥ Vpp = ~5V 
Vop = ~5V 
1 KHz 10 KHz 100 KHz 1 MHz 10 MHz 0 ~10 ~12 -14 -16 -18 ~20 ~22 
DATA RATE Vite ~Vec (VOLTS) 


MINIMUM OPERATING DATA RATE OR MAXIMUM 
CLOCK PULSE DELAY VS TEMPERATURE 


\ 
| 


8 


DATA RATE (Hz) 
3 & 


MAXIMUM CLOCK PULSE DELAY tap (SEC) 


a 


0 10 20 25 30 40 50 60 70 


DTL/TTL MOS Interfaces 


IN 


OTL/TTL 


Viic 


DTL/TTL 


Ruy 


Ry Load Resistor Values 
for Different Vpp Supplies 


Vec=5V Vec=5V 


Ri3 Not 3.9K 
required 
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intel 


1405A 


512 BIT DYNAMIC 
RECIRCULATING SHIFT REGISTER 


= High Frequency Operation -- 
2 MHz Guaranteed over 
Temperature. 

= DTL, TTL Compatible 

« Write/Recirculate and Read 
Controls Incorporated on the Chip 

= Low Power Dissipation--.3 mW/bit 
at 1 MHz 

= Low Clock Capacitance --85 pF 


= Low Clock Leakage -- 
<1 uA at —17 V 


«= Simple Two Dimensional Memory 
Matrix Organization -- 2 Chip 
Select Controls 


= Inputs Protected Against Static 
Charge 


« Standard Packaging --10 Lead 
Low Profile TO-99 


The 1405A is a 512 bit dynamic recirculating shift register and is a direct pin replacement for the 1405. The 
1405A is capable of operating at power supply voltages of +5V, —9V as well as +5V, —5V. A high speed 
recirculating data rate of 2 MHz over the temperature is easily obtained at the +5, —5 power supplies. 


Write/recirculate and read controls eliminate the need for external logic elements when recirculating data. In 
addition, any number of devices can be combined to form a multi-dimensional memory array. For this purpose 
two chip select controls have been provided. 


These registers can be driven directly by standard bipolar integrated circuits (TTL, DTL, etc.) or by MOS 
circuits. The design of the output stage provides driving capability for both MOS and bipolar IC's as well as OR- 
tieing of shift registers. The 1405A is ideally suited for usage in low cost memories or delay line applications. 


Use of low threshold silicon gate technology allows high speed (2 MHz guaranteed) while reducing power 
dissipation by a factor of two and clock input capacitance by a factor of three over equivalent products manu- 
factured by conventional technologies. 


PIN CONFIGURATION LOGIC DIAGRAM 


Dp aa} 


INPUT y 


READ 


OUTPUT 


WRITE/ 
RECIRCULATE 


INPUT @) 


$, (OUTPUT ) 
CLOCK) 


(8) READ 


(7) OUTPUT 


6) b> (INPUT 
CLOCK) 


W/R 


cs1 CS2 
W/R 
(2) 


CS1 CS2 
(1) (9) 
1 1 1 
1or0 Toro 1oro 
1oro 1 1 


Lae 


WRITE 
RECIRCULATE(1) 
READ 


Note 1: Either W/R, CS1, or CS2 must be a ‘’0” during Recirculation. 
A logic 1 is defined as a high input and a logic O as a low input. 
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1405A 


Maximum Guaranteed Ratings * 


Temperature Under Bias 0°C to +70°C * COMMENT: 
Stresses above those listed under ‘‘Maximum Guaranteed 


Storage Temperature —65°C to +160°C A : oe 
ae Rating’’ may cause permanent damage to the device. This is 

Power Dissipation") 600 mW a stress rating only and functional operation of the device 
Data and Clock Input Voltages at these or at any other condition above those indicated in 
and Supply Voltages with the operational sections of this specification is not implied. 
respect to Vag +.3V to —20V Exposure to absolute maximum rating conditions for ex- 


tended periods may affect device reliability. 


D.C. Characteristics Ta = 0°C to +70°C, Voc = +5V +5%, unless otherwise specified 


Vop = BV 45% 


SYMBOL TEST MIN. Typ, (2) MAX. UNIT CONDITIONS 


nA 
nA | Vour=00VSSC~=*” 
CLOCK LEAKAGE CURRENT 10 1000 | wA | Vite=Vec=17V_SCSCS~S 
mA 


| POWER SUPPLY CURRENT 25 40 T a=25°C] Output at Logic "0", 


2 MHz Data Rate, 
40% Duty Cycle, 
lop2 POWER SUPPLY CURRENT 
CLOCK INPUT LOW VOLTAGE | Vo,—17 7 


Continuous Operation, 
Mic =Voc—-17V 

CLOCK INPUT HIGH VOLTAGE 

INPUT “LOW” VOLTAGE 

INPUT “HIGH” VOLTAGE 


VOH OUTPUT HIGH VOLTAGE 2.4 
Vou1 | OUTPUT HIGH VOLTAGE Vec-1.4 Vec-1 
aa 


Vop = —9V + 5% 


INPUT LOAD CURRENT 
OUTPUT LEAKAGE CURRENT 10 1000 
CLOCK LEAKAGE CURRENT 10 1000 nA 


POWER SUPPLY CURRENT 20 31 mA 


Vitc2 


| 
on 
E 
> 


—14.5 


i?) 
io) 


w| 
on w 
c 


RL q=3Kk to Vop ; loL= 1.6mA 


Ri1=3K to Vpop, low= —100 UA 


R, 9=5.6K to Von 


(see p. 6 for connection) 


oO 


o 


if 


Ta =28C'] Output at Logic 0", 
1.5 MHz Data Rate, 
36% Duty Cycle, 
Continuous Operation, 
Mico =Vec—-14.7V 


Ri_4=5.6K to Vop loL= 1.6mA 


Ry 4=5.6K to Vpop ‘ loH=—100 MA 
Ri2=6.2K to Vpp (See p. 6 for 
R1i_373.9K to Vec connection) 


Note 1: For operating at elevated temperatures the device must be derated based as shown on page 3, In applications the duty cycle should 
be a minimum to reduce power dissipation. Duty cycle = [topw +% (tp + te)] x clock rate, 
Note 2: Typical values are at T, = 25°C and at nominal voltages. 


OUTPUT HIGH VOLTAGE 
DRIVING TTL 
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1405A 


A.C. Characteristics 1, = 0°C to +70°C; Voc = +5V £5%; C_= 20pF; 1 TTL Load 


Vop = —5V + 5% Vpop = ~-9V + 5% 
SYMBOL TEST Vitc=Vcec—14.5 to Vec—-17 ViILC=Vcc—12.6 to V¢c—-14.7 
Ri, =3K Ri =5.6K 
aN a, 
1;5 


3 ee a 
t 0 
CLOCK DUTY CYCLE 
eo a 
t 
t 


oH 


20 


CLOCK TO “READ” OR “CHIP 
SELECT” OR “WRITE/ 
RECIRCULATE” TIMING 


CLOCK TO “READ” OR "CHIP 
SELECT” OR “WRITE/ 
RECIRCULATE” TIMING 


tR+: tess 
'WR+ 


SYMBOL TEST 
INPUT CAPACITANCE 
CoutT OUTPUT CAPACITANCE 
CLOCK CAPACITANCE 
CLOCK TO CLOCK CAPACITANCE 


Note 1: See curve of Min Data Rate, and Max Ciock Delay vs. Temp. on page 5. Note 2: Duty Cycle = [thew + Alte + te)] x clock rate. 
Note 3: This parameter is periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test 
Input rise and fall times: 10 nsec 


Output load is 1 TTL gate | BIT 1 | BIT N | 


$2 INPUT CLOCK 


Timing Diagram 


$, OUTPUT CLOCK 


DATA IN 


DATA OUT 


= 
«| 
4 
m 
~ 
P) 
m 
2 
x 
re) 
Cc 
rc 
> 
at 
m 
a < 
= 


4 
r 
4 
: 


CHIP SELECT 1 Vin 
CHIP SELECT 2 
Mie 
Vin 
READ 


4 
se 
i 
i 


1405A 


Typical Characteristics 


POWER DISSIPATION/BIT VS. SUPPLY VOLTAGE POWER DISSIPATION/BIT VS. CLOCK AMPLITUDE 


DATA RATE = 1.5 MHz, 
36% DUTY CYCLE, 
Vite Vee = -14.7V 


, DATA RATE = 2MHz DATA RATE = 2MHz, 
2 40% DUTY CYCLE, 40% DUTY CYCLE 
£ Vite Vee = ~17V = 
By S 
a E 
= re DATA RATE = 1.5 MHz, 
g 5 $ 36% DUTY CYCLE, t 
5 3 Voo —Vec = 14.7 
& - ; 
<4 & 
a a 
(a) a 
o 63 x 
r3 = 60 
ee 
‘ Ty = 85°C 
0 
-16 
Voo — Vee (VOLTS) Vite ~Yee (VOLTS) 
MINIMUM OPERATING DATA RATE OR MAXIMUM MAXIMUM DATA RATE 
CLOCK PULSE DELAY VS TEMPERATURE VS. CLOCK AMPLITUDE 


rz) 
10K r7] 
& 
Pe = SPECIFIED OPERATING SPECIFIED OPERATING 
1K > z CLOCK AMPLITUDE CLOCK AMPLITUDE 
Zz 400 = = RANGE FOR V,,, = -9V RANGE FOR V,, = -5V 
w _—«-100 2 E 
rE 95 pA @ 
« 2 = 
< 10 x rs 
be a 
< 8 
ra) S x 
1 2 : 
3 
> 
= 
0.1 x 
= 
ft) 10 20 25 30 40 50 60 70 
AMBIENT TEMPERATURE (°C) Vite —Vec (VOLTS) 


lop CURRENT VS. DATA RATE 


DTL/TTL/MOS Interfaces 


40% CONSTANT DUTY CYCLE, V, = -5V 
36% CONSTANT DUTY CYCLE, Vp, = —9V y 


CONSTANT PULSE WIDTH: tpw= 240 "“Y 
Vite Yee = -14.5V 


Ipp (mA) 


CONSTANT PULSE WIDTH: 
topw = 200 ns 
Vice <Viee S2d7-¥ 


OUT 


(RECIRCULATING SEO AS 512 BIT 
SHIFT REGISTER) IFT REGISTER) 


T, = 25°C 


“1 KHz 10 KHz 100 KHz 1 MHz 10 MHz 
DATA RATE 


Ry LOAD RESISTOR VALUES 
FOR DIFFERENT Vpp SUPPLIES 
Veo =5V__| Voc = 5V 
Vpo = —5V | Vpp =-9V 


aaa 
Vine Lf Vine 
Vv 


Ri; 3K 5.6K iwc Viec 
Pio 5.6K 6.2K 
Pu3 not 3.9K 

required 
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intel 2401, 2405 


2048/1024 BIT DYNAMIC 
RECIRCULATING SHIFT REGISTERS 


" Single Supply Voltage -- +5 Volts = Low Clock Capacitance --7 pF 
= Fully TTL Compatible -- Inputs, " Write/Recirculate and Chip 
Outputs and Clock Select Logic Incorporated on Chip 
« Single Phase Clock " Standard Configurations -- 
= Guaranteed 1 MHz Operation Dual 1024 Bit -- 2401 
with 100 pF Load, over Single. 1024. Bit -- 2405 


Temperature Range 


" Low Power Dissipation -- 
120 pw/bit typically at 1 MHz 


The 2401/2405 are 2048/1024 bit dynamic recirculating shift registers. They are directly TTL compatible in all 
respects: inputs, outputs, clock and a single +5 volt power supply. 


Write/recirculate controls are provided to eliminate the need for external logic elements when recirculating data. 


Two chip select inputs have been provided to allow easy selection of an individual package when outputs of several 
devices have been ‘’OR-tied’’. A separate internal ‘‘pullup’’ resistor (R, ) is provided which can be externally con- 
nected to the output pin to achieve full signal swing. 


This Intel shift register family is fabricated with N-channel silicon gate technology. This technoiogy provides the 
designer with high performance, easy to use MOS circuits. Only a single +5V power supply is needed and all devices 
are directly TTL compatible, including clocks. 


PIN CONFIGURATIONS LOGIC DIAGRAM 


_ 1024 bits 


INTERNAL 
LOAD 
RESISTOR 
Ry 
=a 


NOTE: This represents one half of the 2401. The chip 
select inputs and clock input are common. 


* DASH LINES INDICATE NECESSARY EXTERNAL 
PRINTED CIRCUIT BOARD CONNECTIONS FOR 


PROPER OPERATION OF THE 2405. TRUTH TABLE 


(SEE APPLICATION SECTION) 


PIN SYMBOL 


FUNCTION 


WRITE MODE 
RECIRCULATE 


PIN NAMES 


DATA INPUT OUT DATA OUTPUT 
W/R WRITE/RECIRCULATE RL INTERNAL LOAD 
CONTROL RESISTOR READ MODE 


CHIP SELECT INPUT NO CONNECTION 


H = Logic High Level L = Logic Low Level 
X = Don’t Care Condition 
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2401, 2405 


Absolute Maximum Ratings* 


*COMMENT: 
Ambient Temperature Under Bias: O° C to 70°C Stresses above those listed under ‘Absolute Max- 
Storage Temperature: —65° C to +150°C imum Rating’’ may cause permanent damage to 


the device. This is a stress rating only and function- 


Power Dissipation: iW al operation of the device at these or at any other 
Voltage on Any Pin with Respect condition above those indicated in the operation- 
to Ground: —0.5V to +7V al sections of this specification is not implied. 


Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


D. C. Characteristics 


T, =0°to 70°C, V..=+5V +5%, unless otherwise specified. 
A cc 


SYMBOL PARAMETER 


LIMITS 
| MIN. | TYP.(1) MAX. 
a 
. m 


POWER SUPPLY CURRENT mA 
80 mA 
INPUT HIGH LEVEL 2.2 5.25 V 
VOLTAGE (ALL INPUTS) 
INPUT LOW LEVEL -0.3 V 
VOLTAGE (ALL INPUTS) 
OUTPUT HIGH LEVEL 2.4 
VOLTAGE 


OUTPUT LOW LEVEL 
VOLTAGE 


UNITS TEST CONDITIONS 


uA Vin = 5.25V 


Vout = 5.25V 


Ta = 25°C | Vcc = 5.25V; 
Ta = O°C [80% DUTY 


| 
Oo 


ViH 
Vit 
Vou lon =-1mA, 


R_ = 1.5K + 5% ohms, 
external 


R, = 1.5K + 5% ohms, 
external [2] 


NOTES: 1. Typicat values are at 25°C and at nominal voltage. 
2. The following was used to calculate IO_. 
Vcc (max.) — Vor (max.) 5.25 — 0.45 


+ ice) = ——_—__—— + 1.6 = 4. : 
AL min} I. (TTL device) 1.6=4.97mA 


'OL = 1.425 


Also note that the internal load resistor, Ri, has a value ranging from 500 ohms minimum to 2,200 ohms maximum. The internal 
load resistor can be used when driving from one 2401/2405 to another 2401/2405 or to other MOS inputs. 


POWER SUPPLY CURRENT (Icc) EFFECTIVE tNPUT CHARACTERISTIC 
VS. DATA REP RATE 


DATA = “0” 
— — — DATA = "1" 5 


CONSTANT DUTY 
CONSTANT PULSE am CYCLE = 80% a 
wOTH = 18 ATS 


lec (mA) 
Vout (VOLTS) 
w 


CONSTANT PULSE 2 
WIDTH = 800 ns 


4 


1KHz 10KHz 100KHz 1MHz 10 MHz 200 mV 200 mv_—*Vin (VOLTS) 


DATA REP RATE 


max DEVICE INPUT 
SPEC 


WORST CASE 


TTL OUTPUT 
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2401, 2405 


A. C. Characteristics Ta = O°C to 70°C, Veg = +5V +5% unless otherwise specified. 


MIN, TYP. MAX.| 

FREQ. MAX. | MAX. DATA 

REP. RATE 
FREQ. MIN. MIN. DATA KHz a = 25°C 
REP. RATE eit KHz 1 = 70°C 


CLOCK PULSE 0.20 a7 
DELAY 0.20 


CLOCK RISE 
AND FALL TIME 


= ACCESS TIME R_ = 1.5K + 5% ohm, 
FROM CLOCK EXTERNAL 
OR CHIP C, = 100pF 
SELECT 


ONE TTL LOAD 


NOTE: 1. 100 kHz in plastic (P) package. 


Capacitance 1, = 25°c 


rn, 
CAPACITANCE 

[Cour ourput capacitance [04 + oF 
L ee | 


Waveforms BIT 1 BIT 2 BIT n+1 BIT n+2 


TEST CONDITIONS 


ALL PINS AT AC 
GROUND; 250 mV 
PEAK TO PEAK, 
1 MHz 


OUTPUT IF CHIP 
CONTINUOUSLY 
SELECTED 


“O" OUT 


cs 
OUTPUT IF CS IS 1.5V 

PULSED (OUTPUT 

IS HIGH WHEN 

UNSELECTED) OUTPUT ta ta 


"1" OUT 


“0” OUT 
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D. C. Characteristics 


TEMPERATURE DEPENDENCE OF 


fe) 
OUTPUT LOW LEVEL SINK CAPABILITY POWER SUPPLY CURRENT (I¢,) VS. AMBIENT TEMPERATURE (°C) 


1 MHz 
> topw = 800 ns + 
¢ Voc = 5.25V 
a a 
> E 
@ oO 
Z z 
£ 8 
5 
Z 
0 10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE (° C} AMBIENT TEMPERATURE (°C) 
A. C. Characteristics 
MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY MINIMUM CLOCK PULSE WIDTH AND 
VS. AMBIENT TEMPERATURE FOR CERAMIC (C) PACKAGE EFFECTIVE MAXIMUM DATA RATE AT 80% 


DUTY CYCLE VS. 


100 KHz 
POWER SUPPLY VOLTAGE (Vcc) 


25 KHz SPECIFIED 


10 KHz 100us 


EFFECTIVE MAX. DATA RATE AT 80% DUTY CYCLE (MHz) 


= 
Cc 
HANI, “ids MAXIMUM < 
a CLOCK E 
DELAY (tgp) = 
100 Hz Z| 7 10 ms 
10 Hz 100 ms 
0 10 20 30 40 50 60 70 Veo (VOLTS) 


AMBIENT TEMPERATURE (°C) 


Typical Application Of TTL Compatible Shift Registers 


Veg = +8 VOLTS 


ACCESS TIME VS. LOAD CAPACITANCE 


Ry = 1.5KQ + 5% ohms, 
external 


WRITE/ 
eLe Tre RECIRCULATE 
CONTROL 


OTL/TTL 


— | 1.5KQ + 5% (1) 
cc Ri W/R Voc Ry 
a DATA OUT . 


IN 2401/2405 OUT IN 2401/2405 OUT 
CS, CSy CLOCK 


DTL/TTL 
OTL/TTL 


OTL/TTL 


NOTE (1): The 2401/2405 is directly compatible device to device. 
LOAD CAPACITANCE (pF) An external 1.5KQ + 5% load resistor is recommended for driving 
one TTL load with the 2401/2405 output. 
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intel 2416 
16,384 BIT CCD SERIAL MEMORY 


" Organization: 64 Recirculating Shift Registers 
of 256 Bits Each 


= Avg. Latency Time Under 100 »s == Open Drain Output 


= Max. Serial Data Transfer Rate = Combined Read/Write Cycles 
—2 mega bits/sec. Allowed 

= Address Registers Incorporated =» Compatible to Intel® 5244 
on Chip CCD Driver 


= Standard Power Supplies — 
+12V, —5V 


The Intel’ 2416 is a 16,384 bit CCD serial memory designed for low-cost memory applications requiring average latency times 
to under 100 us. To achieve low latency time the memory was organized in the form of 64 independent recirculating shift reg- 
isters of 256 bits each. Any one of the 64 shift registers can be accessed by applying an appropriate 6-bit address input. 


The shift registers recirculate data automatically as long as the four-phase CCD clocks (¢, .. . ¢q) are continuously applied 
and no write command is given. A one-bit shift is initiated in all 64 registers following a low-to-high transition of either 5 or 
oq. After the shift operation the contents of the 64 registers at the bit location involved are available for non-destructive read- 
ing, and/or for modification. |/O functions are accomplished in a manner similar to that of a 64-bit dynamic RAM. At the next 
shift cycle, the contents of the 64 accessible bits (whether modified or not) are transferred forward into the respective regis- 
ters and the contents of the next bit of each register become accessible. No 1/O function can be performed during the shift 
operation itself. 


The Intel 2416 generates and uses an internal reference voltage which requires some time to stabilize after the power supplies 
and four phase clocks have been turned on. No 1/O functions should be performed until the four-phase CCD clocks have ex- 
ecuted at least 4000 shift cycles with power supplies at operating voltages. After this start-up period, no special action is 
needed to keep the internal reference voltage stable. 


The 2416 is fabricated using Intel’s advanced high voltage N-channel Silicon Gate MOS process. 


PIN CONFIGURATION BLOCK DIAGRAM 


REFRESH| 256-BIT RECIRCULATING | REFRESH DATA OUT —— 
CCD REGISTER NO. 1 AMP {7+ BUFFER DATA OUTPUT 
REFRESH} 256-BIT RECIRCULATING |REFRESH 
AMP CCD REGISTER NO. 2 AMP 
DATA IN |<—DATA INPUT 


BUFFER j<«— WRITE ENABLE 


R 
8 
a 


<—A2| ADDRESS 
«— Aj INPUTS 


REFRESH| 256-BIT RECIRCULATING | REFRESH 
AMP CCD REGISTER NO. 64 AMP 


PIN NAMES —- timing [*— CE INPUT 


GENERATORS |. cs inPUT 
WE 
s 


1 2 $3 $4 
4 


FOUR-PHASE CCD 
CLOCK INPUTS 


WRITE ENABLE INPUT | Vp. Vss. Vag POWER SUPPLIES 
c CHIP SELECT INPUT Dout DATA OUTPUT 
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2416 


Absolute Maximum Ratings* 


‘Temperature Under Bias .ac0 25043 o 5a eo Weare ates en's Shawl See eh ae Be Be See ae aed eae -10°C to 80°C 
Storage Temperature: 2. sewage ie dak Dew ekeed bebe ke gas tea Rh iwe ae tae ees -65°C to +150°C 
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg ..........--.-- +25V to -0.3V 
Supply Voltages Vpp and Vss with Respect to Vag... 2... ee ee ee eee ee eee +20V to -0.3V 
Power Dissipation ......... bs Fat A sheik dp Much Ee tes Micres settee i as SoS air ieh a Ste? Ate Mar aia ial Meare eda Hen an emai ae Re A gee le 1.0W 
*COMMENT: 


Stresses above those listed under ‘Absolute Maximum Ratings'' may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


D.C. and Operating Characteristics 
Ta = 0°C to 70°C, Vpp = +12V +5%, Vep!1] = -5V +5%, Veg = OV, unless otherwise specified. 


Test Conditions 
A Vin =0V 


Symbol Parameter Typ. 


My Input Leakage Current 

ILo Output Leakage Current 
IOL Output Low Current m VoL = -45V 
IOH Output High Current uA VOH = +5V 


IDDAV1 Average Vpp Supply Current for Shift 
Cycles Only 


=e 


Ippavz!3! Average Vpp Supply Current 


Ww 


IpB Average Vgp Supply Current uA 
VIL Input Low Voltage, All Inputs Except 
o1---4 
ViH1 Input High Voltage, All Inputs Except Vpp-1 
Din and ¢1...94 
VIHD Din Input High Voltage Vopt1 


-2.0 
-2.9[5] 


Vitcl4) $1 .-- 4 Input Low Voltage dc 

VILCT $1 .-- 4 Input Low Voltage w/Coupling 
VIHC1 $1 and $3 Input High Voltage dc Vpp-1 
ViHCTI 1 and 3 Input High Voltage w/Coupling | Vpp-1.6[6] 


VIHC2 2 and $4 Input High Voltage dc Vpp-0.6 


VIHCT2 62 and $4 Input High Voltage w/Coupling Vpp-1.2[6] 


Pulse width measured at 0.8V and 
Vpp-1.2V (¢1 and $3) or 
Vpp-0.8V (¢2 and $4) 


Notes: 1. The only requirement for the sequence of applying voltage to the device is that Vpp and Vsg should never be 0.3V more negative 
than Vep. 


tpwTt Cross Coupling Voltage Pulse Width 


E 
S) 
S) 
= 
= 
tlsi<isi<feicie) <| < 5/3) 85 ]R/5/5/8 


15mA 

. For shift only mode Ipp = 2.0mA + ———_—_——— 
to/2 (in us) 

. IDDAV2 is for combined shift and data I/O cycles. 
. The difference in the low level reference voltages between all four clock phases must not exceed 0.5 volts. 
. These voltage levels with coupling are within the specified dc range and are not, therefore, subject to tpywT restrictions. 
. These voltage levels with coupling are outside specified dc ranges and must be restricted to tpy7 pulse widths. 
. The maximum clock cross coupled pulse width is the sum of the clock transition time (ty) plus 2Ons. 


NOOO Ff WD NO 
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2416 


$4 «++ ¢4 CROSS-COUPLING 


Vineet 
Vincr1 (MIN) 


towT 
$4 
Vict (MAX) \ 


Vitc 


Vinct2(MAX) 


Vinc2 
Vinct2 (MIN) 


p2 


Vite 


Vict (MAX) 


Vic 
Vict (MIN) 


Vinct2(MAX) 
Vinic2 


) 


.-S 


Vitc 
Vitct (MIN) 


A.C. Characteristics 1, = 0°C to 70°C, Vpp = 12V +5%, Veg = -5V +5%, Vsg = OV, unless otherwise specified. 
SHIFT ONLY CYCLES 


ty/2 Half Clock Period for $4 ...¢4 | 7s0lt] | 10,000 | ons 
ee 

ae ie 

ce 


Conditions 


tr = 40nsec 7 
Dour TEST LOAD 


tpt $4 to $1 Hold Time, 62 to 3 Hold Time | 40 | DEVICE 
tTp $1 Off to 4 On, $3 Off to g2 On 320 TEST 50pF 
ty Transition Times for $1... o4 | 30 200 


Note: 1. The 750ns Half Clock Period will be met for 30ns < ty < 40ns. Values of ty > 40ns lengthen tg /2. 


WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 


SHIFT SHIFT | SHIFT 
— EXECUTE a == EXECUTE ————"» =— EXECUTE —_—-| 


TIME TIME | TIME | 

| ($, SHIFT TIME) | | ($3 SHIFT TIME) | (6, SHIFT TIME) 

| l@ | | | 
ae f N f N 

| tr (200) tpT (40) 
o2 Wf 
$3 

tT p (30) —> typ(320) 

be @ 


Note: 2. +2.0V and Vpp-2.0V are the reference low and high level respectively for measuring the timing of 64, 2, 63 and $4. 
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2416 


A.C. Characteristics 
SHIFT—READ—READ-...—READ—SHIFT CYCLE 


tpT $2 On to $4 On Time, $4 On to $3 Gn Time 200 f= tee | tT = 40ns 
to/2 Half Clock Period for 61 ...04 bo a 10,000 pons | Pour TESTE LOAD 
tT Transition Times for Inputs Other Than ¢1...94 Ff 00] ots 
{TC 1 Or 63 Off to CE On 280 ar ae 5K 
i CS to CE Set-Up Time foe 
sc 30h pons ee 
tac Address to CD Set-Up Time ee a ee UNDER 
TEST 
eee ee ed 
WAVEFORMS''! (Numbers in parentheses are for minimum cycle timing in ns) 
SHIFT SHIFT 
ECUTE 
|}-— EXECU! —i [-——- wurriece READ CYCLES aaa es EXECUTE a 
$y (¢, SHIFT TIME)J NS) (¢4 SHIFT TIME) 
| ter “Yb 
(200) (30) 
2 @/ 
tor 
|] (40) 
3 
Ub 
(30) 
% 


tgc (0) tcp (40) 


ADDRESS @ 


tac (0) —> 
c_el2] ttc (280) 


Dout 


NOTES:-. 1. WE must be continuously low during the READ cycle. 
When CE is off, the 2416 output level is determined by the external output termination. 
+2.0V and Vpp-2.0V are the reference low and high level respectively for measuring the timing of o1-..-4, CE, CS and addresses. 


+0.8V is the reference level for measuring the timing of Dour. 


PWN> 
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2416 


A.C. Characteristics 
SHIFT—WRITE—WRITE-...-WRITE—SHIFT CYCLE 


twcy WRITE Cycle Time | 460 | 


Conditions 


tpT $2 On to $4 On Time, ¢4 On to 63 On Time 200 ae ee ty = 40ns 
to/2 Half Clock Period for $4... 64 P| 10,000 | ons | 
tT Transition Times for 61... o4 30 200 
tT1 Transition Times for Inputs Other Than Our 
a 5V 
taAH Address Hold Time 240 fos Gabe 
TEST 


tes CE to CS Hold Time ae 


50pF 


pal 
‘?) 
Uv 
QO 
m 
Oo 
= 
= 
ot 
fe) 
©. 
NO 
ie) 
=“ 
6. 
BSS 
O 
3 
£4 


we | WEPubewie Yao 
we | weowwceon SSSS~*riT 


Note: 1, The minimum tow, twP and twc times with appropriate transitions do not necessarily add up to the minimum tcEw. This allows the 
user flexibility in setting the WE Pulse Width edges without affecting either tCEw or the WRITE Cycle Time, twcy. 


WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 


SHIFT | | SHIFT 
<+——— EXECUTE ——__» MULTIPLE WRITE CYCLES ———______, | <+—— EXECUTE ———_» 
TIME | TIME 
0, | (¢, SHIFT TIME) @ (¢3 SHIFT TIME) 
‘A 
t t t 
PT : OT TD 
(200) (40) 
cH) 
F f\@ 
tor 
i (40) 
3 
tip —r| 
(30) (200) 
4 y 


tsc (0) ‘ag tcp (40) __» 


S CAN CHANGE 


tcs (0) 


twcy (460) 
ADDRESS 
@ STABLE 


c_el4l ttc i280) 2 


ADDRESS 


WE 


tDH tow 
(0) (0) 


ddd en VJ Ft en 


Notes: 2, +2.0V and Vpp-2.0V are the reference low and high level respectively for measuring the timing of 41... 64, CE, CS, WE, and addresses. 
3. +1.5V and +3.0V are the reference low and high level respectively for measuring the timing of Din. 
, ANAND 


2416 


A.C. Characteristics SHIFT—RMW-RMW-... —RMW-—SHIFT CYCLE 


Conditions 


oe 
tpT $2 On to ¢1 On Time, ¢4 On to 3 On Time ae ee ty = 40ns 
eS 
tg/2 Half Clock Period for ¢j ... 64 || _10,000 | ons 
tT Transition Times for $1... 4 [2000 | os 
tT14 Transition Times for Inputs Other Than ne 

Pl se 04 Boyt TEST LOAD 
tsc CS to CE Set-Up Time Foo fC ls 
tac Address to CE Set-Up Time i ee ee ee 
tAH Address Hold Time er Pe a 
tcs CE to CS Hold Time ae a ae Lie 
tcp CE Off to $2 or 64 On ee ee - 
ca a T 
tco CE On to Dour Valid Fao [| = 
tow Din to WE Set-Up Time Foo fs Vss 
ieee ee 
two ae ee 


Es 
1s) 
x= 


Din Hold Time 


twWF WE to DouT Undefined 


Note: 1. The minimum twp and twp times with appropriate transitions do not necessarily add up to the minimum tcrRw. This allows the user 
flexibility in setting the WE Pulse Width edges without affecting either tery or the READ-MODIFY-WRITE Cycle Time, tRwc. 


WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 


SHIFT SHIFT | 
execute ——>! MULTIPLE RMW CYCLES ——_——— a EXECUTE ———> 
TIME | TIME 
4 (¢, SHIFT TIME) i @ (¢, SHIFT TIME) 
tet tor try | 
| (200) (40) (30) 


(200) 


tsc (0) —»| |<— tcp (40) 


ADDRESS 7 
STABLE A 


typ (100) aes 
WE twp (300) @ ‘ 


Dour 
(Numbers in parentheses are for minimum cycle timing in ns.) 
(250) DATA (250) DATA 
VALID UNDEFINED VALID UNDEFINED 
Notes: 2. When CE is off, the 2416 output level is determined by the external output termination. 
3. The parameter tcf is the same as in the Shift-Read-Shift Cycle on page 4. 
4. +2.0V and Vpp-2.0V are the reference low and high level respectively for measuring the timing of ¢1 ... 64, CE, CS, WE, and addresses. 
5. +1.5V and +3.0V are the reference low and high level respectively for measuring the timing of Din. 
6. +0.8V is the reference level for measuring the timing of Dout: 
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2416 


A.C. Characteristics 
CAPACITANCE!) 1+, = 25°c 


rou [tm oe [ | 
Co9"¢2 Vo=Vss 


Notes: 1. This parameter is periodically sampled and is not 100% tested. 


2. The Co1 — Cy4 input clock capacitance includes the clock to clock capacitance. The equivalent input 
Capacitance is given below. 


Four-Phase Clock Inputs 


The four-phase clock inputs are internally connected to long 
electrodes used for several thin-oxide gates, resulting in high 
Capacitance to the substrate on the clock inputs. In addition, 4 
considerable cross-coupling between adjacent clock exists due 
to the overlapping structure of the electrodes. The figure to 
the right shows the circuit equivalent of the clock inputs, 
indicating maximum capacitance values. 


10<C<300pF 
DATA DEPENDENT 


The equivalent circuit suggests two opposed clock driver re- 
quirements: 


1. Ability to drive high-capacitance loads quickly. 
2. Ability to suppress cross-coupled current transients. 


The first requirement could ordinarily be met rather easily, 
if it weren't for the fact that the cross-coupled current, I, is 
proportional to the rate of change of the voltage, i.e., |= C a 
For the quiescent driver to hold the coupled voltage to a mini- 

mum, the driver must have very low output impedance, How- ete ee eager 
ever, when this driver becomes active the low output L : $2 & ¢4 = 700pF 
impedance increases the slope of the transitions which in turn = 
increases coupling currents to the other drivers. This suggests 
that a driver have a controlled output transition time and a low 
output impedance characteristic in the quiescent state (high 
or low level). The Intel® 5244 meets these requirements. 


5244 — CCD Clock Driver 


The Intel® 5244 isa CMOS implemented fully TTL input compatible high voltage MOS driver, designed especially for the four 
phase clock inputs of the 2416. The device features very low DC power dissipation from a single +12V supply with output 
characteristics directly compatible with the 2416 clock input requirements. 


The 5244 uses internal circuitry to control the cross-coupled voltage transients between the clock phases generated by the 
2416. This internal circuitry limits the transition time to a specified range so that excessively fast transitions (<30ns) do not 
occur on the clock line. The entire operation is transparent to the user. 


The 5244 is designed to drive four 2416s, but can drive fewer devices when loaded with additional capacitance to prevent a 


speedup in the transition times. Additional information on this and other aspects of the 5244 can be found on the 5244 data 
sheet. 
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2416 


Application Information 


The Intel® 2416 is a charge coupled device (CCD) containing 16,384 bits of dynamic shift register storage available in a 
standard 18 pin plastic package. To minimize latency time (access time to any given bit in the device), the 2416 has been 
organized as 64 registers containing 256 bits each and, therefore, any bit can be accessed with a maximum of 255 shift opera- 
tions. Since the minimum shift cycle requires 750 ns, the maximum latency time for the 2416 is less than 200usec. 


Access to the 64 recirculating registers is performed in a random access mode. A six bit address selects one of the 64 registers 
for read, write, or read/modify/write operations. These random access operations are performed between shift operations, 
and can be performed in any number or sequence as long as the basic shift frequency is maintained. 


Because of substrate leakage currents the charge coupled storage mechanism is dynamic in nature. To satisfy the refresh re- 
quirements of the 2416, one shift operation must be performed every ten microseconds. A shift operation is completed on 
the falling edge of clock phase ¢; or 63 and random access cycles may occur only between (1) the falling edge of ¢, and the 
rising edge of $4 or (2) the falling edge of 63 and the rising edge of ¢5. This refresh requirement limits the number of random 
access cycles between successive shift operations to a maximum of 16. 


Random access operations are performed in a manner which is very similar to any random access memory (RAM). All random 
access cycles are initiated with the rising edge and terminated with the falling edge of CE (Chip Enable). Read operations are 
performed when WE (Write Enable) remains low throughout a CE cycle. Data is strobed into the memory whenever WE is 
strobed high during a CE cycle as illustrated in the appropriate timing diagrams. CS (Chip Select) controls only the input and 
output circuits and is only effective when CE is high. 


Typical Current Transients vs. Time 


The oscilloscope photos in Figures 1 and 2 show typical Ipp current transients during shift and I/O cycles. The typical Igp 
current during a shift cycle is shown in Figure 3. 


Figure 1. Inp transient current during Figure 2. Ipp transient current during Figure 3. Igpp transient current 
shift cycles. 1/O cycles. during a shift cycle. 
Ipp scale: 10mA/div. Ipp scale: 10mA/div. lap scale: 50mA/div. 
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MEMORY SUPPORT CIRCUITS 


Electrical Characteristics 
Over Temperature 
Type Description 


| 8205 1 of 8 Binary Decoder 
3207A Quad Bipolar to MOS Level 
Shifter and Driver 
3207A-1 Quad Bipolar to MOS Level 
Shifter and Driver 
3208A Hex Sense Amp for MOS Memories 
4K Dynamic RAM Refresh Controller 


4K Dynamic RAM Address 
Multiplexer and Refresh Counter 
16K Dynamic RAM Address 
Multiplexer and Refresh Counter 
Quad TTL to MOS Driver for 
4K RAMs 

| 3408 High Speed 6-Bit Latch 


3408A Hex Sense Amp and Latch for 
MOS Memories 


5235 Quad Low Power TTL to MOS 
Driver for 4K RAMs 


Page 
— No. 


Input 
to Power 
Output Dissipation[1] 
Delay Max. Maximum 


SCHOTTKY BIPOLAR 


5235-1 High Speed Quad Low Power TTL 95ns 240mW 
to MOS Driver for 4K RAMs 
Quad CCD Driver —_— 1260mW 


Note 1. Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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intel 3205, 3404 


3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
3404 HIGH SPEED 6-BIT LATCH 


=» 18ns Max. Delay Over 0°C to =» Low Input Load Current: .25mA 
75°C Temperature: 3205 Max., 1/6 Standard TTL Input 

a 12ns Max. Data to Output Load 
Delay Over 0°C to 75°C =» Minimum Line Reflection: Low 
Temperature: 3404 Voltage Diode Input Clamp 

a Directly Compatible With DTL =» Outputs Sink 10mA Min. 
and TTL Logic Circuits s 16-Pin Dual In-Line Package 

= Totem-Pole Output = Simple Expansion: Enable 

Inputs 
3205 


The 3205 decoder can be used for expansion of systems which utilize memory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes ‘‘low’’, thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo- 
ry expansions. 

3404 

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements. The latches act as high 
speed inverters when the ‘Write’ input is “low”. 

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the 
temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 


PIN CONFIGURATION 


3404 


1'8 BINARY 
DECODER 


53 


3205, 3404 


Absolute Maximum Ratings* 


Temperature Under Bias: Ceramic —65°C to +125°C *COMMENT 

Plastic —65°C to +75°C Stresses above those listed under ‘Absolute Maximum Rat- 
ing’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
All Output or Supply Voltages —0.5 to +7 Volts any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
Output Currents 125 mA device reliability. 


Storage Temperature —65°C to +160°C 


All Input Voltages —1.0 to +5.5 Volts 


D.C. Characteristics 1, = 0°C to +75°C, Vo. = 5.0V +5% 
3205, 3404 


SYMBOL PARAMETER Freaicces UNIT TEST CONDITIONS 


aa eee eer 
TR 


INPUT ‘“‘LOW” VOLTAGE ie = 5.0V 


Vig |} INPUT “HIGH” VOLTAGE “HIGH” VOLTAGE rarer voursee Pe f—v Voc = | Mop =5.0V OV 
OUTPUT HIGH SHORT ~120 Voc = 5: pMoe OV ___ Vo 
CIRCUIT CURRENT 
OUTPUT “LOW” VOLTAGE = 5.0V, loy = 40mA 
@ HIGH CURRENT 


3205 ONLY 


POWER SUPPLY CURRENT Ld 70 mA | Voc = 5.25V, Outputs Open 


a ONLY 


POWER SUPPLYCURRENT =| | 75 | mA | Vcc = 5.25V, Outputs Open 
= WRITE ENABLE LOAD CURRENT Le Vee =5.25V, Vy =0.45V 
CC ‘Ww ™ 
PIN 7 
‘2 WRITE ENABLE LOAD CURRENT Me ii Ed Voe=5-25V, Vy =0.45V 
PIN 15 


WRITE | WRITE ENABLE LEAKAGE CURRENT | LEAKAGE CURRENT{ == {10 Vp =5.25V 


Typical Characteristics 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION 


Vv =5.0V | | I Aw 
: —Hifosk 


Ta = 75°C 


100 


[oe] 
o 


60 


40 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 
OUTPUT VOLTAGE (V) 


20 


1.0 2.0 4.0 5.0 0 2 4 6 8 10 1.2 14 16 1.8 2.0 
OUTPUT “LOW” VOLTAGE (Vv) OUTPUT “‘HIGH” VOLTAGE (V) INPUT VOLTAGE (V) 


5-4 


3205, 3404 


3205-HIGH SPEED 1 OUT OF 8 BINARY DECODER 
Switching Characteristics 


Vcc 
CONDITIONS OF TEST: TEST LOAD: 


Input pulse amplitudes: 2.5V 


Input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


All Transistors 2N2369 or Equivalent. C, = 30 pF 


TEST WAVEFORMS 


ADDRESS OR ENABLE 
INPUT PULSE 


<_< or oad SD SD 


Fes eeecers ee eee esas ere4 


% 


OUTPUT 


A.C. Characteristics 1, = 0°C to +75°C, Vo, = 5.0V +5% unless otherwise specified. 


18 
18 


1, This parameter is periodically sampled and is not 100% tested. 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


i i re 
pF f = 1 MHz, Vcc = OV 


pF VBIAS = 2.0V,Ta~A = 25°C 


INPUT CAPACITANCE P3205 


Typical Characteristics 


ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 

ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 


0 50 100 150 200 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 


3205, 3404 


3404 -6-BIT LATCH 
Switching Characteristics 


CONDITIONS OF TEST: TEST LOAD: 
Input pulse amplitudes: 2.5V 


390 22 


Input rise and fall times: 5 nsec 


between 1V and 2V 
Measurements are made at 1.5V CL T 2K | 


= All Transistors 2N2369 or Equivalent. Ci= 30pF = 


TEST WAVEFORMS 


MEASUREMENT FOR DATA DELAY MEASUREMENT FOR WRITE ENABLE DELAY 
DATA 4 DATA 
AO LD 
WRITE WRITE 
ENABLE ENABLE 
OUT NOTE 1 OUT NOTE 2 
NOTE 1: Output Data is valid after ome Seer NOTE 2: Output Data is validaftert __,t 


—+ 


A.C. Characteristics T, = O°C to +75°C, Voc = 5.0V +5%; unless otherwise specified. 


LIMITS 
YM PARAMETE 
SYMBOL R MIN. TYP. UNIT TEST CONDITIONS 
ns | 


t+—.t_+ | DATA TO OUTPUT DELAY | 

t__t_+ | WRITE ENABLE TO OUTPUT DELAY = 

tsetT up | TIME DATA MUST BE PRESENT BEFORE 12 Jae ik | ee 
RISING EOGE OF WRITE ENABLE 


tHOLD TIME DATA MUST REMAIN AFTER 8 ns 
RISING EDGE OF WRITE ENABLE 
DT Rescate oe ee at nel 
Ciypl3) =| DATA INPUT CAPACITANCE P3404 [| 4 {| [| oF f = 1 MHz, Vcc = OV 


Cinwi3) | WRITE ENABLE CAPACITANCE P3404 | f = 1 MHz, Vcc = OV 


NOTE 3: This parameter is periodically sampled and is not 100% tested. 


Typical Characteristics 


WRITE ENABLE PULSE WIDTH 15 


DATA INPUT, WRITE ENABLE DATA INPUT, WRITE ENABLE 
TO OUTPUT DELAY VS. TO OUTPUT DELAY VS. WRITE ENABLE PULSE WIDTH 
LOAD CAPACITANCE AMBIENT TEMPERATURE VS. LOAD CAPACITANCE 


20 


ae u £ 

<> a> x 15 
2a 2c ra) 
WW) w 4 
uw w = 

wo wo 

= E w 
— _—- ” 
=) “> ~ 

a =- 2 10 
a) ro w 
a 2° uy 
20 2° x 
=e a = 
<5 <5 : 

w 5 
Sa as = 
= = isa 
= 

0 

0 100 200 300 400 0 25 50 75 0 100 200 300 400 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) LOAD CAPACITANCE (pF) 
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intel 
3207A 
QUAD BIPOLAR-TO-MOS LEVEL SHIFTER AND DRIVER 


= High Speed, 45 nsec Max. -- = Easy to Use-- Operates from 
Delay + Transition Time Over Standard Bipolar and MOS 
Temperature with 200 pF Load Supplies 

= TTL & DTL Compatible Inputs = Minimum Line Reflection--Input 

= 1103 and 1103A Memory and Output Clamp Diodes 
Compatible at Output = High Input Breakdown Voltage-- 

19 Volts 


= CerDIP Package --16 Pin DIP 


= Simplifies Design -- Replaces 
Discrete Components 


The 3207A is a Quad Bipolar-to-MOS level shifter and driver which accepts TTL and DTL input signals, and 
provides high output current and voltage suitable for driving MOS circuits. It is particularly suitable for driving 
the 1103 and 1103A memory chips. The circuit operates from a5 volt TTL power supply, and Vss and Veep 
power supplies from the 1103 and 1103A. 


The device features two common enable inputs per pair of devices which permits some logic to be done at their 
inputs, such as cenable and precharge decoding for the 1103 and 1103A. 


For the TTL inputs a logic “1” is Vi and a logic “0” is ViL . The 3207A outputs correspond to a logic ‘1”’ as 
VoL and a logic “0” as Von_ for driving MOS inputs. 


The 3207A is packaged in a hermetically sealed 16 pin ceramic dual-in-line package. The device performance 
is specified over the same temperature range as the 1103 and 1103A, i.e. from O°C to +70°C. 


PIN CONFIGURATION LOGIC SYMBOL 


OUTPUT OUTPUT é 
DATA INPUT DATA INPUT r 0, 
ENABLE INPUT ENABLE INPUT 
ENABLE INPUT ENABLE INPUT 
DATA INPUT DATA INPUT D3 0, 
OUTPUT OUTPUT : 
D, 0, 
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3207A 


Absolute Maximum Ratings* 


Temperature Under Bias ......... 0°C to +70°C *COMMENT 

Storage Temperature........... —65°C to +160°C Stresses above those listed under “’Absolute Maximum Ratings’ may 
All Input Voltages and Veen te tines a —1.0 to +21V cause permanent damage to the device. This is a stress rating only 
Supply Voltage Voc .. 2... cee. —1.0 to +7V and functional operation of the device at these or at any other con- 
All Outputs and Supply Voltage dition above those indicated in the operational sections of this 
Veg with respecttoGND......... —1.0 to +25V specification is not implied. Exposure to absolute maximum rating 
Power Dissipation at25°C............ 2 Watts (1) conditions for extended periods may affect device reliability. 


(1) Refer to the graph of Junction Temperature versus Total Power Dissipation on page 5-10 for other temperatures. 


D. C. Characteristics 1, = 0°C to 70°C, V.= 5V + 5%, Veg = 16V + 5%, Vag— Vec= 3.0V to 4.0V 


SYMBOL 
Vv 


Vo = .45V, Vec™ 5.25V, All Other Inputs 
at 5.25V, Vg = 16V, Ves” 19V 


Ve = .45V, Veo" 5.25V, All Other Inputs 
at 5.25V, Nene 16V, Vee 19V 


DATA INPUT LEAKAGE 


Vp = 19V, Vee 5.0V, All Other Inputs 
CURRENT 


Grounded, Veg = 16V, V.,= 19V 


ENABLE INPUT LEAKAGE 


Ve = 19V,.V.o= 5.0V, All Other Inputs 
CURRENT 


Grounded, Vg = 16V, Vea 19V 


OUTPUT “LOW” VOLTAGE 


lop = 500UA, Vec= 4.75V 
Veg 16V, Ven= 19V 
All Inputs at 2.0V 


V(25°C) 


IED 
re 
| 
RE 
OL 
V(70°C) 
OL 
OH 


VoH (MIN.) OUTPUT “H!IGH’ VOLTAGE 7 
: V(25°C) 
: V(70°C) 


— 7 
Ven 19V, Ve 7 Vp = 0.85V 


OUTPUT SOURCE CURRENT 


POWER SUPPLY CURRENT DRAIN: 
All Outputs “Low” 


Vo = 4V, Ved" 5.0V,V oo= 16V, 
VeB™ 19V, Ve = Vp= 2.0V 


—4V, Vog= 5.0V, Veg = 16V 


Parameter 


Voc = 5.25V, Vgg = 16.8V, Vag = 20.8V 
All Inputs Open 


Current from Vss 250 


Vcc = 5.25V, Vss = 16.8V, VepB = 20.8V 
All Inputs Grounded 


3207A 


Switching Characteristics 


A.C. Characteristics 
T, = 0°C to 70°C, Veg = SV +5%, Veg = 16V +5%, Veg = Veg +3 to 4V, f = 2 MHz, 50% Duty Cycle 


DELAY DIFFERENTIAL” 
C, = 200 pF 
MAX. 


SYMBOL TEST 


Cy = 100 pF 
MIN. MAX. 


C, = 200 pF 
MIN. MAX. 


INPUT TO OUTPUT DELAY 
INPUT TO OUTPUT DELAY 
OUTPUT RISE TIME 
OUTPUT FALL TIME 
DELAY + RISE OR FALL TIME 


(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_, parameter are within a maximum of 10 nsec of each other in the same package. 


Waveforms 

Vss 

OUT FG 2v 
ty ty, 


: / | 
t+ t 
V 
1 


GND 


aD oat 


Typical Characteristics 


SWITCHING TIME VS. SWITCHING TIME VS. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 


tu ul 
= = 
ma - 
oO oO 
Zz Z 
5 a 
= Pp 
= = 
(ep) nn 
0 100 200 300 400 
AMBIENT TEMPERATURE (°C) LOAD CAPACITANCE (pF} 


3207A 


Power and Switching Characteristics 


POWER CONSUMED IN CHARGING AND 
DISCHARGING LOAD CAPACITANCE NO LOAD D.C. POWER DISSIPATION VS. 
OVER OV TO 16V INTERVAL OPERATING DUTY CYCLE 


Voc =5V 
Veg = 16V + 5% 
Vag = Vogt 3to 4V 


[aa] 
< 
3S poe 
oO = 
2 2 
ros o 
28 : 
Sw a 
co S 
= < = 
3 8 8 
5 S) 
c Pay 
4 
= 
0 50 75 100 
FREQUENCY OF SWITCHING (MHz) Seo ee dy CGEE WN 
POWER = CV? f 
WORST CASELOAD CAPACITANCE 
JUNCTION TEMPERATURE VS. TOTAL ON EACH OUTPUT VS. 
POWER DISSIPATION OF THE CIRCUIT FREQUENCY OF SWITCHING 
400 
OPERATING IN THIS REGION JIS NOT 
RECOMMENDED 

9 oO 300 f~ 

= za Seecres 

5 - 

o Ou 

ve q 2 

2 Qk 

oc ot 

Z w S 

= Kaan 

Ww oO 

2 6 

Oo 

5 2 | 

7 100 f 

Vec a 5V, Vss = 16V, Vee = 19V 
Ta = 70°C 
0 0.5 1.0 1.5 2.0 1 2 3 4 


TOTAL POWER DISSIPATION OF THE CIRCUIT (W) 
TOTAL POWER = D.C. POWER + POWER CONSUMED IN 
CHARGING AND DISCHARGING LOAD CAPACITANCE. 


FREQUENCY OF SWITCHING (MHz) 
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intel 
3207 A-1 


QUAD BIPOLAR-TO-MOS LEVEL SHIFTER AND DRIVER 


= Power Supply Voltage = 1103-1 Memory Compatible 
Compatible with the High at Output 
Voltage 1103-1 


The Intel 3207A-1 is the high voltage version of the standard 3207A, and is compatible with the 1103-1. The 
3207A-1 has all the same features as the standard 3207A. The absolute maximum ratings and pin configuration 
are repeated below for convenience, while the DC and AC characteristics appear below and on the next page. 


PIN CONFIGURATION | LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS* 


Sion ‘Temperature Under Bias .......... O°C to +55°C 
E, ' Storage Temperature ........... —65°C to +160°C 
OUTPUT e All Input Voltages ............ —1.0 to +21 Volts 
DATA INPUT fs 0, Supply Voltage Vcc ..---.----> —1.0 to +7.0 Volts 
; All Outputs and Supply Voltages Vgg and Ves 


ENABLE INPUT ; 
with respect to GND. .......... —1.0 to +25 Volts 
ENABLE INPUT 


; Power Dissipation at 25°C. ........-.--5- 2 Watts 
DATA INPUT : 0, 
E, COMMENT: 
OUTPUT E Stresses above those listed under ‘Absolute Maximum Ratings” 
y may cause permanent damage to the device. This is a stress rating 
D, 0, only and functional operation of the device at these or at any 


other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 


OUTPUT 

DATA INPUT 
ENABLE INPUT 
ENABLE INPUT 
DATA INPUT 


OUTPUT 


D. C. Characteristics 1, = 0°C to 55°C, Voc = 5V + 5%, Veg = 19V + 5%, Vag —Veg = 3.0V to 4.0V 


Vp = 45V, Vec™ 5.25V, Al! Other Inputs 
at 5.25V, Veg = 19V,Ve5= 23V 


lep 
ENABLE INPUT LOAD CURRENT 
= DATA INPUT LEAKAGE 


Vp = 19V, Veco" 5.0V, All Other Inputs 


CURRENT Grounded, Veg = 19V, Ver 23V 


ENABLE INPUT LEAKAGE 
CURRENT 


Ve = 19V, Vec™ 5.0V, All Other Inputs 
Grounded, Vg = 19V, Vep™ 23V 


Vv(0°C) 
V(25°C) 
V(55°C) 


OUTPUT “LOW” VOLTAGE lo. = 500A, Vec™ 4.75V 


Vss~ 


ae ar O _ _ 
Von (MIN.) OUTPUT “‘HIGH” VOLTAGE VO q loy= ~500KA, Vag= 5.0V 
be V(25°C) Vag 19N, Vane 23V 
Vos —0.5 Vv(55°C) All Inputs at 0.85V 


| Inu = 5MA, Vac = 5.0V 
Vay (MAX,) Vsg + 1.0 Vv OH = Ce | 
a OUTPUT SINK CURRENT 100 mA Va = 4V, Voge 5.0V,.Vgg= 19V, 
Vi g7 23V, Vez Vy= 2.0V 
OUTPUT SOURCE CURRENT ~100 Vy = Veg ~4V. Veg? 5-0V, Veg = 19V 


O 
Veg 23V, Ve = Vb = 0.85V 
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BIAS 


3207A-1 


D.C. Characteristics (continued) 1, = 0°c to +55°C, Voc = BV + 5%, Veg = 19V # 5%, Vag —Vgg = 3.0V to 4.0V 


POWER SUPPLY CURRENT DRAIN: 
All Outputs “Low” 


[svmiei [pemeter—d ine | 
Piss [Girone 280 


All Outputs ‘“‘High”’ 


Iss 
BB 
P 


Vec = 5.25V, Vss = 20V, Veep = 24V 


All Inputs Open 


All Inputs Grounded 


TOTAL 297 


Total Power Dissipation 
Standby Condition with Vcc =OV, Vss = Ver 


PTOTAL 


Total Power Dissipation 
A.C. Characteristics 
Ta = OPC to 55°C, Veg = 5V +5%, Veg = 19V +5%, Vag = Vsg +3 to 4V, f = 2 MHz, 50% Duty Cycle 


DELAY DIFFERENTIAL") 
C, = 200 pF 
MAX. 


SYMBOL TEST 


C, = 100 pF 
MIN. MAX. 


C, = 200 pF 
MIN. MAX. 


INPUT TO OUTPUT DELAY 
INPUT TO OUTPUT DELAY 
OUTPUT RISE TIME 
OUTPUT FALL TIME 
DELAY + RISE OR FALL TIME 


(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_, parameter are within a maximum of 10 nsec of each other in the same package. 


Waveforms 

Vss 

OUT i. fg 
tec: te 


GND , . 
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intel 


3208A, 3408A 


HEX BIPOLAR SENSE AMPLIFIERS 


FOR MOS CIRCUITS 
3208A HEX SENSE AMPLIFIER 
3408A HEX SENSE AMPLIFIER WITH LATCHES 


" High Speed—20 nsec. max. 
* Wire-OR Capability— 
Open Collector Output ..3208A 


= Single 5 V Power Supply 
« Input Level Compatible with 


" Two Enable Inputs 


= Minimum Line Reflection .... Low 
Voltage Diode Input Clamp 

= Plastic 18 Pin Dual In-Line 
Package 


* Schottky TTL 


1103 Output 


The Intel 3208A is a high speed hex sense amplifier designed to sense the output signals of the 1103 memory. 
The device features two separate enable inputs each controlling the output state of three sense amplifiers, and a 
common voltage reference input. OR-tie capability is available with the 3208A open collector TTL compatible 
output. 


The 3408A is a hex sense amplifier with a latch circuit connected to each amplifier. The sensed data may be 
stored in the latches through application of a write pulse. The 3408A has three-state TTL outputs, hence in the 
non-enabled state the outputs float allowing wire-OR memory ‘expansion. The latches may be bypassed by 
grounding the write input pin. Under this condition, the 3408A functions as a hex sense amplifier. 


The 3208A and 3408A operate from a single +5 volt power supply. Device performance is specified over the 


complete ambient temperature range of O°C to 70°C and over a Vcc supply voltage range of 5 volts +5%. The 
3208A and 3408A are packaged in an 18 pin plastic dual in-line package. 


PIN CONFIGURATIONS BLOCK DIAGRAMS 


3208A 


0, 


02 


03 


3208A 3408A 0, a ; 
o——— 4 
Ss 
Os Ss ‘3 
PIN NAMES 
S6 
$1,582, 83, $4, $5, Sg SENSE AMP INPUTS ® Og S6 4 
Ey, E2 ENABLE INPUTS - : 
E 
REF REFERENCE INPUT ‘ @ = Vee z, 


Q)- GND 


O = PIN NUMBER 


(9) - Gn 


OQ = PIN NUMBER 


01,02,03,04,05,0g OUTPUTS (Non-inverting) 
Ww WRITE INPUT (3408A only) 
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3208A, 3408A 


Absolute Maximum Ratings” 


Temperature Under Bias —55°C to +125°C 
Storage Temperature —65°C to +160°C 
All Outputs or Supply Voltage —0.5 to +7 Volts 
All TTL Input Voltages —1 to +5.5 Volts 


All Sense Input Voltages —1 to +1 Volt 
Output Currents Total 300mA 
Input Current 125mA 


OOOO 


“COMMENT: 


Stresses above those listed under ‘Absolute 
Maximum Rating’’ may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at this or at 
any other condition above those indicated in the 
operational sections of this specification is not 
implied. 


D. C. Characteristics for 3208A 1, = 0°C to 70°C, Veg = 5V +5% 


SYMBOL PARAMETER 


lee INPUT LOAD CURRENT ON 
ENABLE INPUT 


INPUT LEAKAGE CURRENT 
ON ENABLE INPUT 


Vin INPUT “HIGH’’ VOLTAGE 
ON ENABLE INPUT 


Vit INPUT “LOW’’ VOLTAGE 
ON ENABLE INPUT 


VoL | OUTPUT “LOW” VOLTAGE 


NO 


loex | OUTPUT LEAKAGE CURRENT 


INPUT CURRENT ON 
REFERENCE INPUT 


INPUT CURRENT ON 
SENSE AMP INPUT 


m 
mn 


SENSE AMP INPUT 


Vs- INPUT “LOW” VOLTAGE FOR 
SENSE AMP INPUT 


OPERATING RANGE OF 
REFERENCE VOLTAGE 


POWER SUPPLY CURRENT 


INPUT CLAMP VOLTAGE 
ON ALL INPUTS 


.?) 
?) 


V 


SENSE INPUT CLAMP 
DIODE VOLTAGE 


< = < 

Nn 

o © a 
m 


3208A TRUTH TABLE 


INPUTS 


LIMITS 


ma <= 


Vs INPUT “HIGH” VOLTAGE FOR VREF 


V Vee = 4.75V 
lo = 10mMA 
pA Vec = 9.25V 
Veex = 5.25V 
—25 LA Voc = 5.25V 
Vg = 100mV 
mV Vec = 4.75 to 5.25V 
Vaer = 100 to 200mV 
Veer mV Voc = 4.75 to 5.25V 
— 200 Vec = 4.75 to 5.25V 
Vv Voc = 4.75V 
lo= —5.0mA 
AV Vec = 5.0V 
Ibe 5.0mA 


OUTPUT 


L L 
L H 
H H 


UNIT 


TEST CONDITIONS 
Voc = 5.25V 

Ve = 0.45V 

Voc = 4.75V 

Va = 5.25V 


mA 
20 LA 


Vv Voc = 5.0V 
Vv Voc = 5.0V 


X = Don’t care 


3208A, 3408A 


0 


. C, Characteristics for 3408A 1, = 0°c to +70°C, Vog = 5V +5% 


LIMITS 
SYMBOL PARAMETER Teo was | UN TEST CONDITIONS 

INPUT LOAD CURRENT mA Voc = 5.25V 
ON ENABLE INPUT Vp = 0.45V 
INPUT LEAKAGE CURRENT 20 uA Voc = 4.75V 
ON ENABLE INPUT Vp = 5.25V 
INPUT LOAD CURRENT —0.25 mA Voc = 5.25V 

Ve = 0.45V 


ON WRITE INPUT 
INPUT LEAKAGE CURRENT Voc = 4.75V 
Vp = 5.25V 


ON WRITE INPUT 
4 | INPUT “HIGH” VOLTAGE Vv Vee = 5.0V 
ON ENABLE AND WRITE INPUT 
INPUT “LOW” VOLTAGE ON V Voc = 5.0V 
ENABLE AND WRITE INPUT 
Vv Veo = 4.75V 
lo, = 10mMA 
Vv Voc = 4.75V 
lon = —1.5mA 
uA Veo = 5.25V 
Vo = 0.45V/5.25V 


OUTPUT “LOW” VOLTAGE at 
OUTPUT “HIGH” VOLTAGE 2.4 —_— 
Vo = OV 
UA Vec = 5.25V 
Vaer = 100mV 


OUTPUT LEAKAGE CURRENT 
FOR HIGH IMPEDANCE STATE 
—25 yA Voc = 5.25V 
Vg = 100mV 


lee 
lew 


< 
EE 
ro) 
z 
cE 


V 


IL 
VoL 


e 5 


OUTPUT SHORT CIRCUIT 
CURRENT 


laee | INPUT CURRENT ON 
REFERENCE INPUT 


INPUT CURRENT ON 
SENSE INPUT 


Vou 
Isc 


Voy | INPUT “HIGH’” VOLTAGE VREF mV Voc = 4.75 to 5.25V 
FOR SENSE AMP INPUT Veer = 100 to 200mV 
V INPUT “LOW” VOLTAGE 


FOR SENSE AMP INPUT 


OPERATING RANGE OF 
REFERENCE VOLTAGE 


POWER SUPPLY CURRENT 


INPUT CLAMP VOLTAGE 
ON ALL INPUTS 


Vsp SENSE INPUT CLAMP 
DIODE VOLTAGE 


3408A TRUTH TABLE 


Voc = 4.75 to 5.25V 


NO 
© 
ro) 
| 

< 


125 mA Voc = 5.25V 
lo= —5.0V 

V Voc = 5.0V 

Ip= 5.0mA 


INPUTS 


[Sense Amp | Enabie [Write 
L L 
L L 
L H 
H Xx 


< VReF —60mV 
5-15 


Veer mV Voc = 4.75 to 5.25V 
—60 Veer = 100 to 200mV 


< — 
2) 


OUTPUT 


L 
H 


> Vrer 
Xx 


Previous 
Data Stored 


X = Don't care 

*The output of the 3408A is three-state, 
hence when not enabled the output is a 
high impedance. 


Xx 


High Z* 


3208A, 3408A 


Typical D. C. Characteristics for 3208A/3408A 


SENSE AND REFERENCE INPUT CURRENT (uA) 


OUTPUT CURRENT (mA) 


SENSE AND REFERENCE INPUT CURRENT 
Vs. AMBIENT TEMPERATURE 


REFERENCE INPUT 


0 25 50 70 = «=75 


AMBIENT TEMPERATURE (°C) 


OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE 


0 100 200 300 400 


OUTPUT “LOW” VOLTAGE (mV) 
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SENSE THRESHOLD (mV) 


OUTPUT CURRENT (mA) 


SENSE THRESHOLD VS. 
REFERENCE INPUT VOLTAGE 


REFERENCE tNPUT VOLTAGE (mV) 


OUTPUT CURRENT VS. 
OUTPUT “HIGH” VOLTAGE 


0 1.0 2.0 3.0 4.0 5.0 


OUTPUT “HIGH” VOLTAGE (V) 


3208A, 3408A 


A.C. Characteristics 1,=0°C to 70°C, Voc = 5V +5% 


3208A 
LIMITS 
SYMBOL PARAMETER [TyP. | UNIT TEST CONDITIONS 
D.C. LOAD = 10mA 


D.C. LOAD = 10mA 
C, = 30pF 


D.C. LOAD = 10mA 
C. = 30pF 


25 D.C. LOAD = 10mA 
C, = 30pF 


ENABLE INPUT TO OUTPUT 
DELAY, LATCH STORES “LOW” 


ENABLE INPUT TO OUTPUT 
DELAY, LATCH STORES “HIGH” 


AW , T= 
SYMBOL TEST 


Co Vec = OV, VBIAS = 2.0V 
Cc ENABLE INPUT 
Veo = OV, Vaiag = 2.0V 


D.C. LOAD = 10mA 
C, = 30pF 


D.C. LOAD = 10mA 
C, = 30 pF 


Switching Characteristics 
CONDITIONS OF TEST 


e@ Input Pulse amplitude: 2.5V for all TTL compatible 
inputs and 2.5V through a resistor network as shown 
below for sense input. 


@ Input Pulse rise and fall times: 5ns. 

@ Speed measurements are made at 1.5V for all TTL 
compatible inputs and outputs, and for sense input, 
see network and waveforms below. Vper is set at 
150mV. 


(1) This parameter is periodically sampled and is 
not 100% tested. 


10mA TEST LOAD 


Vec 


SENSE INPUT 


Waveforms 
3208A/3408A 


45022 


D.U.T. 
OUTPUT 


ENABLE 


INPUT 30pF 


OUTPUT 


3408A ONLY 
PULSE SENSE 150mV 
INPUT INPUT 
‘we 
WRITE 


SENSE 


INPUT 
INPUT 


OUTPUT OUTPUT 
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3208A, 3408A 


Typical A. C. Characteristics 


SENSE INPUT TO OUTPUT DELAY (ns) 


3408A WRITE PULSE WIDTH (ns) 


SENSE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 


Vcc = 5.0V 

D.C. LOAD = 10mA 
Cy= 30pF 

Vrer = 150mV 


3208A t, — 


AMBIENT TEMPERATURE (°C) 


3408A WRITE PULSE WIDTH VS. 
AMBIENT TEMPERATURE 


AMBIENT TEMPERATURE (°C) 
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ENABLE INPUT TO OUTPUT DELAY (ns) 


t,.. (ns) 


ENABLE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 
Vec = 5.0V 


D.C. LOAD = 10mA 
C.= 30pF 


3408A te+ 


“1 3208A, 3408A te. 


0 25 50 70 75 


AMBIENT TEMPERATURE (°C) 


SENSE INPUT TO OUTPUT DELAY 


VS. REFERENCE INPUT VOLTAGE 
20 


‘ 7 


f=] 


100 200 300 


Veer (mV) 
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REFRESH CONTROLLER FOR 4K DYNAMIC 
RANDOM ACCESS MEMORIES 


= Ideal for use in 
2107A, 2107B Systems 


» Simplifies System Design 
=» Reduces Package Count 
=» Standard 22-Pin DIP 


= Adjustable Refresh Timing 
Oscillator 


= 6-Bit Address Multiplexer 
=» 6-Bit Refresh Address Counter 


» Refresh Cycle Controller 


The Intel® 3222 is a refresh controller for dynamic RAMs requiring refresh of up to 6 input addresses (or 4K bits for 64 x 64 
organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and 
capacitor), plus all necessary control and I/O circuitry to provide for the refresh requirements of dynamic RAMs. The chip's 
high performance makes it especially suitable for use with high speed N-channel RAMs like the Intel® 2107B. The 3222 is well 
suited for asynchronous dynamic memory systems. 


The 3222 operates from a single +5 volt power supply and is specified for operation over a 0°C to 75°C ambient temperature 
range. It is fabricated by means of Intel’s highly reliable Schottky bipolar process. 


PIN CONFIGURATION BLOCK DIAGRAM 


ADDRESS 
INPUTS 


2 INPUT 
6 CHANNEL ADDRESS 


mutipcexen| “ es 
(Gy - 55) 


Vec 


6 BIT 
REFRESH 6 » 


COUNTER 


TIMER 
CONTROL 


SELECT 


r- 
1 
' 
| 
Le 


PIN NAMES AEFREO 


Ao-A5 ADDRESS INPUTS 

ACK ACKNOWLEDGE 
OUTPUT a 

BUSY BUSY INPUT 


CYREQ CYCLE REQUEST 
INPUT 


STARTCY 


CONTROL 


OQ -05 ADDRESS OUTPUTS ae 
6 | AG : CYREQ 


INTERNAL REFRESH 

REQUEST LATCH OUTPUT 
REFON REFRESH ON OUTPUT 
REFREQ REFRESH REQUEST INPUT 
RxCx RC TIE POINT | 
STARTCY START CYCLE OUTPUT _ 
Vec +5V SUPPLY 


REFON 


BUSY ACK 
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Absolute Maximum Ratings* 


-65° to +125°C 
-65° to +160°C 


Temperature Under Bias 
Storage Temperature 


All Input, Output or Supply Voltages ... . -0.5V to +7V 
All Input Voltages ................ -1.0V to +5.5V 
Output Currents ........... 000 eee ee eae 100 mA 
Power Dissipation ..............22000000-, 1W 


*“COMMENT 


Stresses above those listed under “Absolute Maximum 
Rating’’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


D.C. Characteristics All Limits Apply for Vcc = +5.0V +5%, Ta = 0°C to +75°C. 


Vib Input “Low” Voltage Ff oe Tv 
Vin Input “High” Voltage ei ae ea 
Vcc = 5.25V 
Vec = 4.75V 
Veco = 4.75V 
Note 1: Typical values are for Ta = 25°C and nominal power supply voltages. 


Capacitance!2! , 1A = 25°C 


Limits (pF) 


Symbol Test 


Gy (Adress | Input Capacitance [5 
Cry (CRED) | Input Capacitance [6 
Gr (BUSY) 


Note 2: 


This parameter is periodically sampled and is not 100% tested. 
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on) 


Conditions 


Vbias = 


3222 


A.C. Characteristics ait Limits Apply for Voc = +5.0V +5%, Ta = 0°C to +75°C. Load = 1 TTL, Cy = 15pF. 
Conditions of Test: Input pulse amplitude: 3V, Input rise and fall times: 5ns between 1V and 2V. Measurements are made at 1.5V. 


tee Address In to Address Out el ee BUSY = Vin 


tax [8UVinwACKOR | ia | 


REFREO = Vy, CYREO = Vic 


tne BUSY In to STARTCY Out CYREO = Vy, 

tHoLD BUSY Hold Time External Delay between STARTCY and 
BUSY 

tRH CYREQ or REFREQ Hold Time External Delay after BUSY 


trRR CYREQ and BUSY = Vy, No priority 


contention between REFREO and 
CYREQ 


BUSY = Vin 
BUSY = ViH 


Rui 
tRRC REFREQ to REFON eee | 
ie CYREQ or REFREO In to 

STARTCY Out 
tsetup | BUSY Setup Time 120 ae 


Note 1: Typical values are for Ta = 25°C and nominal power supply voltages. 
A 


A. SYSTEM MEMORY CYCLE B. SYSTEM MEMORY CYCLE WITH MEMORY 
WITH MEMORY NOT BUSY BUSY (FOLLOWING REFRESH CYCLE) 


(Numbers in parentheses are minimum values in ns unless otherwise specified.) 


tan TRH 
Vin (0) > Vin (0) 


~~ 
Bay 
pe 
as 
> 


”n nn 


BUSY = Vi, During Refresh 


CYREQ CYREG 

“ : . " : es 
Vin 

REFREQ REFREQ 

(IN) (IN) Mia Bae a ee 
Vin 

STARTCY STARTCY 

(OUT) (OUT) Vin 


BUSY 
(IN) 


BUSY 
(IN) Vit 


REFON 
(OUT) oy, 


REFON 
(OUT) 


tex 
(20 MAX) 
Vv 
1H 
ACK ACK \ 
(OUT) (OUT) ae | a ee, ee ee 
Vin 
AgAs AgAs | 
(IN) (IN) Vit 
| team 
{28 MAX) 
_ UNTE \\ 
mAs a COUNTER 
05-05 05-05 SUTeaT ADDRESS 
(OUT) (OUT) Vy 
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C. REFRESH MEMORY CYCLE WITH 
MEMORY NOT BUSY 


D. REFRESH MEMORY CYCLE WITH MEMORY 
BUSY (FOLLOWING SYSTEM CYCLE) 


(Numbers in parentheses are minimum values in ns unless otherwise specified.) 


Mi 
CYREO 
(iN). Moe fag Pon ete Gaerne re 
RH 
; (0) 
: 8 te Vin 
_.: ' REFREG 
TN) Vie V_\ , ee ee 


i eraarey \ 
(OUT) Vy en ¥ My, ———- —-— 
ia ETUP 
7 i (120) | 
Vin 


. BUSY, = 
(NY: Vie ys eee a _ 
Yo ) tar 
7 ia | (2amaxyy [7 
: bie iH ! 
REFON =e 


ae, Vin 


ACK 


PP AOUUY, 5 Vite to as as elas, ia Aa ET tans ahs ey 
A : 
IN) My 
s * oY tsar \ ‘Bam 
(27 MAX) (28 MAX) 


: on 1: tap (26ns MAX) IF PRIORITY CONTENTION IS ELIMINATED; tpac 


ce “TYPICAL APPLICATION OF 3222 REFRESH 
CONTROLLER IN A 2107B SYSTEM 


TO CP\I T x 
TO MEMORY 

TIMING 
ADDRESS 


INPUTS 
FROM CPU 


ADORESS INPUTS 
FROM CPU 


ADDRESS 


: 7404 INPUTS 
= BUFFERS | TO 21078 
i >o ARRAY 


| >o 
>o 


BUSY 
LATCH 
(7474) 


FROM 
MEMORY 
TIMING 

TO MEMORY TIMING (VALID 

WHEN ADDRESSES ARE STABLE) 


ONLY ONE 3222 IS REQUIRED PER SYSTEM. 


BETWEEN THE 3222 ADDRESSES (Qp-Os) 
OUTPUTS AND THE MEMORY INPUTS. 
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: ies Vin 
- 6,0. - i COUNTER 
. “O'S. ADDRESS OUTPUT ADDRESS 
. (OUT). . Vin 


ADEQUATE BUFFERING SHOULD BE PROVIDED 


Vind 
CYREQ 
IN 

RH _ 
(0) 

Vin 
REFREQ a 
UND. Nj eee eae, po 

Vin 
STARTCY \\ 
(OUT) Vv, —— —— —— o— Bay Seta cea 

' 

Vin 

BUSY 
BR BRO 
{ \* (24Max) (24 MAX) 

Vin 
REFON 
(ouT) vy, — = 

Vin et 
ACK 
(OUT) Vy 


: tgam 
to (ae 
(IN) Vin : RS 
BAR 
(27 MAX) 
Vin 


\ 
0905 ADDRESS POUNTER 
OUTPUT 
(OUT) Vy 


F. USE OF 3222 FOR REFRESH TIMING AND 
CONTROL IN A 2104A SYSTEM 


12-BIT CPU ADDRESS a 


© Vcc ROW ENABLE 


DEVICES 


COUNT 
Rx 


Cx 
J REFON REFRESH 


ra] Ss . ENABLE 


CYREQ 


STARTCY 


FROM TIMING 
LOGIC 


RAS ENABLE 
LATCH 
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PIN NAMES AND FUNCTIONS 
Pin Pin 
No. Name 


1 Q 


Function 


Output of the internal Refresh Re- 
quest latch. This pin may be con- 
nected to the Refresh Request input 
(REFREQ) directly for asynchro- 
nous sequential mode refresh or 
indirectly through control logic for 
burst mode or synchronous mode 
refresh (see text). 


REFREQ Refresh Request input (active when 
low). The request is honored only if 
the memory is not presently execut- 
ing a cycle (BUSY high) and if a 
system cycle request did not occur 
first. 


CYREQ System Memory Cycle Request in- 
put (active when low). The request 
is honored only if the memory is not 
presently executing a cycle (BUSY 
high) and if arefresh request did not 
occur first. 

STARTCY Output signal indicating to external 
circuitry that a memory cycle 
(system or refresh) is to begin. See 
text for timing considerations for a 
refresh cycle. 


5-7 
15-17 


Ag-As Low order system address inputs. 
These addresses are multiplexed to 
the address output pins (O9-Os) 


during a system cycle. 


8-10  Oo-Os Low order memory address outputs. 
During asystem cycle these outputs 
give the low order (Ag-As) address 
Of a memory access. During a 
refresh cycle these outputs give the 
refresh address (generated internal 


to the 3222). 


11 Ground. 


18 An externally generated signal 
which the 3222 monitors to determ- 
ine memory system status. If BUSY 
is high the memory is not busy anda 
system or refresh cycle may begin. 
If BUSY is low the memory is being 
accessed for a data I/O or refresh 


cycle and no other cycle may begin. 


19 The 3222 output which when low in- 
dicates the memory system is either 
ready to begin orisinarefresh cycle 


(Refresh On). 


20 ACK The 3222 output which when low in- 
dicates the memory system is 
either ready to begin or is in a 
system cycle (system cycle request 


accepted and acknowledged). 
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Pin Pin 

No. Name Function 

21 RX/CX Connection point for the RC net-': 
work which determines the refresh | - 
period for sequential. refresh mode. 3 
(See Refresh Control. section). 

22 Vcc +5 volt supply. 


FUNCTIONAL DESCRIPTION 


The Intel® 3222 performs the four basic functions of a ee . 


refresh controller by: 


1. Providing a refresh timing oscillator. 
2. Generating six bit refresh addresses. 
3. 
low order address inputs (Og-Os). ae 
Providing control signals for both refresh and mem- 7 
ory cycle accesses. neon 


4. 


As shown in the pin configuration figure, the 3222 rac as oc ae: 


inputs the six low order (Ag-As) system addresses. These. . 


addresses are internally multiplexed with six internally...” 
The output of these... ... . 
multiplexers provide the six low order addresses to the © A ea ae 


generated refresh addresses. 


memory array. 


The block diagram shows the four main circuit categories of ene eo | 
the 3222. An explanation of the workings of each of. these oe 
categories is given in the Device Operation section from a oe | 


users point of view. 


DEVICE OPERATION 


Operation of the Intel® 3222 Refresh Controller i is most’ hes 


easily explained by considering five conditions presented ee ae << 
by the three input control lines Cycle Request (CYREQ), Be ed ee 


Refresh Request (REFREQ), and Sa eels (BUSY 
These conditions are: 


1. System memory cycle request — memory not busy 
(BUSY = High) 3 
System memory cycle request — ‘memory ybusy 
(BUSY =Low) cht 
Refresh cycle request — memo, not busy 
(BUSY = High) 

Refresh cycle request — memory y busy 

(BUSY =Low) 


2. 


3. 


4, 


5. Simultaneous system memory cycle a and refresh cycle ee ae 


requests. 


Condition 5 is actually a subset of the. four previous | 
conditions and is included for completeness. 


As is implied in the five conditions, the: response of the 3222 Pe 


to both refresh and memory cycles is. dependent on the. a 
state of the BUSY input. The BUSY signal is generated “a 


externally to the 3222 and, when low, defines the time when. 
the memory is performing a cycle: (refresh or memory Oe ga ee 
access). It is important to assure that BUSY ‘is. low for the - er 
Interference: may. occur in. - 


entire memory cycle time. 
asynchronous memory systems if the BUSY input. goes 


high prematurely. (An asynchronous memory system is -, 


one in which the refresh and pb E oye es occur. — 
independent of each other.) | : 


Multiplexing refresh and system addresses to the six > 7 
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System Memory Cycle Request — Memory Not Busy 


This section details operation of the 3222 when the memory 
is not busy and a request for a system memory cycle is 
made (See Figure A for timing sequences). The request for 
amemory cycle is made by the CYREQ input going low. The 
Start Cycle output STARTCY goes low at tras after CYREQ. 
STARTCY is used for two purposes: 


1. To set the external BUSY latch. (See Figure E.) 


2. To initiate memory system timing (after appropriate 
delay). 


The required delay time depends on system configuration 
and associated delay paths for both Chip Enable (2107B 
input signal) and system addresses. 


The low going BUSY input causes the internally generated 
Start Cycle output to go high and the Acknowledge output 
ACK to go low (after tax time). The Acknowledge output 
confirms that the requested system memory cycle has been 
accepted by the 3222. Note that the cycle request input may 
be returned to the high state when the BUSY input goes low. 
However, at the designer’s discretion, the cycle request line 
may remain low until “just prior” to BUSY returning high. (If 
BUSY goes high before CYREQ goes high, another 
memory access may inadvertently be started.) 


When the memory is not busy and a cycle request has been 
made, the low order system address delay through the 3222 
is tag nsec. When the 3222 is not busy, the low order system 
addresses (Ap-As) are gated through to the output (O9-Os) 
independent of any other input. 


System Memory Cycle Request — Memory Busy 


The major differences between a system memory cycle 
request when the system is busy and when it is not busy (as 
previously described) are: 


1. The Start Cycle output STARTCY does not go low until 
tas after the rising edge of the BUSY input. (Even 
though the CYREQ input is low.) 

. Output addresses Oo-Os change at or before taa time if 
the previous cycle was a system cycle request and 
change at or before tgam if the previous cycle was a 
Refresh Cycle request. (Note that the longer delay is 
after a refresh cycle.) See Figure B for definition of 
terms. . 

Note that for a system memory cycle following a refresh 
cycle, the refresh on output REFON goes high at or before 
tar relative to BUSY going high. Since the Acknowledge 
output ACK can not go low until after tyo,p there is no 
ambiguity between REFON and ACK. The memory is 
always defined as being in a refresh cycle, system cycle or 
no cycle. 


Refresh Cycle — Memory Not Busy 


Operation of the 3222 fora refresh request with the memory 
not busy (see Figure C) is similar to a system cycle request 
under the same condition. A refresh cycle is initiated 
by the Refresh Request input (REFREQ) going low. 
This low going input causes both the Start Cycle output, 
STARTCY, and Refresh On output, REFON, to go low att 
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and tRRc (or tRR) time respectively. The low going edge of 
STARTCY is used to set the external BUSY latch low. As in 
the previous two cases, the BUSY input must remain low for 
the entire cycle required by the memory. As in the previous 
two cases, the low going BUSY drives the STARTCY output 
high. 


Refresh Cycle — Memory Busy 

For this condition, it is assumed that the previous cycle was 
a system access cycle. Timing conditions for this operation 
are shown in Figure D. Here, the STARTCY input goes low 
tas after BUSY returns high from the previous cycle. As 
before, REFON goes low tgr after BUSY goes high. After 
tHoLpb, relative to STARTCY, BUSY again goes low and 
places the low order refresh addresses on the address 
outputs (O>-Os) after tgar time. Internal refresh timing is 
performed in a manner identical to that described in 
Refresh Cycle-Memory Not Busy section. 


Simultaneous Refresh and Memory System Cycle Request 


The simultaneous request for arefresh and memory system 
access is almost a certainty in asynchronous systems. It is, 
therefore, necessary to have circuitry in any refresh 
controller capable of resolving the attendent ambiguity with 
minimum additional delay. The Intel® 3222 Refresh 
Controller has just such a circuit. (All timing parameters 
specified for asynchronous operation assume that a refresh 
and memory system request can occur at the same time.) A 
latch internal to the 3222 decides which signal (CYREQ or 
REFREQ) it will accept if both occur simultaneously, and 
conditions the other control circuits appropriately. If a 
refresh cycle was accepted, REFON will go low at the 
appropriate time. If amemory system access was accepted 
then ACK will go low at the appropriate time. 


Refresh Control 


The 3222 controls both burst and distributed refresh modes. 
The burst refresh mode requires that REFREQ be generated 
externally to the 3222 since refresh is completed in 64 
consecutive cycles every 2ms. A system requiring distrib- 
uted refresh timing, however can be controlled either by the 
3222 or by external circuitry. If refresh timing is to be 
controlled by the 3222 the output Q is tied to the REFREQ 
input. Timing is controlled by an oscillator internal to the 
3222. The desired refresh timing interval is determined by: 


1. trer = .63 R,C, 
r 
Where: 
trer = the total time between refreshes (e.g. 2msec) in 
msec. 
r = the number of rows to be refreshed on the memory 
device (for the 2107B r = 64). 
Rx = external timing resistance in KO (3K to 10K) 
C, = external timing capacitance in uf. (0.005uf to 
0.02 uf) 

The 3222’s oscillator stability is guaranteed to be +2% fora 
given part and +6% from part to part, both over the ranges 
O°C < Ta S 75°C and Vcc = 5.0V +5%. 


Figure F shows how the 3222 may be used to control refresh 
in a 2104A system. 


intel 3232 
ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 4K DYNAMIC RAMs 


= Ideal For 2104A = Address Input to Output Delay: 
; ae 9ns Maxi Drivi F 
» Simplifies System Design 25ns =p et sa =e 


Reduces Package Count 
si g » Suitable For Either Distributed 
» Standard 24-Pin DIP Or Burst Refresh 


a» Single Power Supply: 
+5 Volts +10% 


The Intel® 3232 contains an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh 
of up to 6input addresses (or 4K bits for 64 x 64 organization). It multiplexes twelve bits of system supplied address to six output 
address pins. The device also contains a 6 bit refresh counter which is externally controlled so that either distributed or burst 


refresh may be used. The high performance of the 3232 makes it especially suitable for use with high speed N-channel RAMs 
like the 2104A. 


The 3232 operates from a single +5 volt power supply and is specified for operation over a 0 to +75°C ambient temperature 
range. 


PIN CONFIGURATION LOGIC DIAGRAM 


ara ; 
| 5 
A,C]5 201 JA, Ll | 
| = 
As LJ 6 191 J Ai | 
| 
A 7 it JA 12 =~! 
ol : TOTAL | | | 
4,C)8 17L_J Ag | 6 6 | 
| TOTAL TOTAL 
0, C9 16 [J 0, | | 
| 
0, (10 15[_JO, l | 
A, O 
Pera ee ee Re 8 | 
o,Ug1 14} J 05 . So oe es i | 
Guo (_}12 13 [_) ZERO DETECT iL | 
Ay 0 fp ? QS 3 
RA aa SCAT AERE OR IER 0 
NOTE: A, THROUGH A, ARE ROW ADDRESSES. ie a 
A, THROUGH A,, ARE COLUMN ADDRESSES. = 
REFRESH , is 
BnELE 6 TOTAL 
TRUTH TABLE AND DEFINITIONS: 
> O 


REFRESH | ROW 
ENABLE | ENABLE | OUTPUT 
REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 


ROW 
ENABLE ea ee : > ZERO 
= _ 


COUNT © 


ROW ADDRESS 
(Ag THROUGH As) 


COLUMN ADDRESS 
(Ag THROUGH Aq) 
COUNT — ADVANCES INTERNAL REFRESH COUNTER. 


ZERO DETECT — INDICATES A ZERO IN THE REFRESH ADDRESS 
(USED IN BURST REFRESH MODE). 
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3232 


~ Absolute Maximum Ratings* 


-65° to +125°C 
-65° to + 160°C 


Temperature Under Bias 
~ Storage Temperature 
All Input, Output, or 
Supply Voltages 
Output Currents 
Power Dissipation 


100mA 


_ D.C. and Operating Characteristics 
: All Limits Apply for Vcc = 5.0V 410%, Ta = 0°C to + 75°C 


*COMMENT: 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is astress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


LIMITS 
SYMBOL PARAMETER MIN. TYP. (1) MAX. _| UNIT TEST CONDITIONS 
Von Output High Voltage (Ov-Os) 2.8 40 {| = | V | lon =—1mA 
Von Output High Voltage 2.4 3.3 V lon = —1mMA 
(Zero Detect) 
lec Power Supply Current | | 100 150 Vec = 5.5V 
Note 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
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A.C. Characteristics 


All Limits Apply for Vcc = +5.0V +10%, Ta = 0°C to 75°C, Load = 1 TTL, CL = 250pF, Unless Otherwise Specified. = 


SYMBOL PARAMETER 

tao Address Input to Output Delay 
tao Address Input to Output Delay 
too Row Enable to Output Delay 
too: Row Enable to Output Delay 
tEo Refresh Enable to Output Delay 
teo: Refresh Enable to Output Delay 
tco Count to Output 

fc Counting Frequency 

tcpw Count Pulse Width 


Note 1: Vcc = 5.0V, Ta = 25°C 
2: CL = 15pF 


A.C. TIMING WAVEFORMS (Typically used with 2104A) 


NORMAL CYCLE 


ROW ENABLE 


DON’T CARE 


REFRESH 
ENABLE 


REFRESH CYCLE 


REFRESH 


ENABLE ey 


COUNT 


050, 


ADDRESS 


ZERO DETECT 


ROW 


REFRESH ADDRESS 


ADDRESS 


tco 


1.5V 


CONDITIONS | 
Refresh Enable = Low(!)'?). . 
Refresh Enable = Low 


Refresh Enable = Low() 2) 
Refresh Enable = Low — 


Note 1, 2 


Refresh Enable = High().2) -. 
Refresh Enable=High ss, 


Note 2 


COLUMN ADORESS 


—_ ( REFRESH ADDRESS 


3232 


PIN NAMES AND FUNCTIONS 


Pin. Pin 

No. Name Function 

1 Count Input Active low input increments 
internal six bit counter by 
one for each count pulse in. 

2 Refresh Enable Active high input which 


Input determines whether the 
3232 is in refresh mode (H) 
or address enable (L). 


7,3,5,18, Ao-As Inputs Row Address inputs. 
20,22 

8,4,6,17, Ac-Ai: Inputs Column address inputs. 
19,21 


9,11,10, 
16,15,14 


Oo-O; Outputs Address outputs to mem- 
ories. Inverted with respect 


to address inputs. 
12 GND 


13 Zero Detect 
Output 


Power supply ground. 


Active low output which 
senses that all six bits of 
refresh address in the count- 
er are zero. Can be used in 
the burst mode to sense 
refresh completion. 


23 Row Enable High input selects row, low 
Input input selects column addres- 
ses of the driven memories. 


24 Vec +5V power supply input. 


DEVICE OPERATION 


The Intel® 3232 Address Multiplexer/Refresh Counter 
performs the following functions: 


1. Row, Column and Refresh Address multiplexing 
2. Address counting for burst or distributed refresh. 


These functions are controlled by two signals: Refresh 
Enable and Row Enable, both of which are active high TTL 


inputs. The truth table on page 1 shows the levels required 
to multiplex to the output: 


1. Refresh addresses (from internal counter) 
2. Row addresses (Ao through As) 
3. Column addresses (As through Ai:) 


Burst Refresh Mode 


When refresh is requested, the refresh enable input is high. 
This input is ANDed with the 6 outputs of the internal 6 bit 
counter. At each Count pulse the counter increments by 
one, sequencing the outputs (Oo-O;) through all 64 row 
addresses. When the counter sequences to all zeros, the 
Zero Detect output goes low signaling the end of the refresh 
sequence. Due to counter decoding spikes, the Zero Detect 
output is valid only after tcz following the low going edge of 


Count. 


Distributed Refresh Mode 

In the distributed retresh mode, one row is selected for 
refresh each (taeeResH/n) time where n = number of rows in 
the device and trerrResn Is the specified refresh rate for the 
device. For the 2104A traererResy = 2msec and n = 64, there- 
fore one row is refreshed each 31 usec. Following the refresh 
cycle at row n,, the Count input is pulsed, advancing the 
refresh address by one row so that the next refresh cycle will 
be performed on row n,4,. The Count input may be pulsed 
following each refresh cycle or within the refresh cycle after 
the specified memory device address hold time. 


Row and Column Address 


All twelve system address lines are applied to the inputs of 
the 3232. When Refresh Enable is low and Row Enable is 
high, input addresses Ao-A; are gated to the outputs and 
applied to the driven memories. Conversely, when Row 
Enable is low (with Refresh Enable still low), input 
addresses A,-A),; are gated to the outputs and applied to the 
driven memories. 


Figure 1 shows a typical connection between the 3232 and 
the 2104A 4K dynamic RAM. When the memory devices are 
driven directly by the 3232, the address applied to the 
memory devices is the inverse of the address at the 3232 
inputs due to the inverted outputs of the 3232. This should 
be remembered when checking out the memory system. 


ZERO DETECT 


REFRESH 
ENABLE 


ROW 
ENABLE 


Figure 1. Typical Connection of 3232 and 2104 Memories. 


intel’ 
3242 


ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 16K DYNAMIC RAMs 


ws Ideal For 2116 =» Single Power Supply: 


= Simplifies System Design +5 Volts +10% 
s Address Input to Output Delay: 


9ns Driving 15 pF, 
=» Standard 28-Pin DIP 25ns Driving 250pF 


a Suitable For Either Distributed 
Or Burst Refresh 


The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 


The 3242 operates from a single +5 volt power supply and is specified for operation over a0 to +75°C ambient temperature 
range. It is fabricated by means of Intel’s highly reliable Schottky bipolar process and is packaged inahermetically sealed 28 
pin Type D package. 


» Reduces Package Count 


PIN CONFIGURATION LOGIC DIAGRAM 


COUNT [[J1 28f_]v 
‘ ane 2 
REFRESH ENABLE [_} 2 27LJj A, 
ROW ENABLE [{_ 93 267 J Ai3 A 
o— =D 
n.c. (4 25] As | 
| | 
A,C}s 24} JA | = | 
A,gL]6 234] A, | | 
14 | | 
a, (7 22 ]A,, shee: | | | 
AgLJ8 21L JA; oe el 
| | TOTAL TOTAL | 
A, C9 20f-] a,, 7 | | 
nh | 
A,{_] 10 19 J 0, | | | 
| 
0, C911 18 [_J 03 A7 0 ae RES OE OF | 
= aa EE | 
— | Rad Poe 
= _ | 
ot whe, toe He >. - Dae 
NOTE: Ag THROUGH Ag ARE ROW ADDRESSES. ss 
A7 THROUGH A,3 ARE COLUMN ADDRESSES. 
REFRESH 
ENABLE © > + > 
TRUTH TABLE AND DEFINITIONS: 
6 TOTAL 
REFRESH | ROW ROW 
ENABLE | ENABLE | OUTPUT ENABLE © Poe 


ZERO 
OO OQ = 
Reacae aee acl 
REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 
ROW ADDRESS 
(Ay THROUGH Ag) ome eWekone 
(A, THROUGH A,3) 


COUNT O 


COUNT — ADVANCES INTERNAL REFRESH COUNTER. 
ZERO DETECT — INDICATES ZERO IN THE FIRST 6 
SIGNIFICANT REFRESH COUNTER 


BITS (USED IN BURST REFRESH MODE) 
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A.C. Characteristics pee 
All Limits Apply for Vcc = +5.0V +10%, Ta = ‘ore to 78°C, Load =1 TTL. Ci = = 250F, | Unless Otherwise Specified. 


, eel CONDITIONS 


SYMBOL PARAMETER | 

tao Address Input to Output Deay. Ls Rete Enable = Low/!2)(3) 
taor Address Input to Output Delay at ~ Refresh Enable = Low 
too Row Enable to Output Delay - Refresh Enable = Low/2)(3) 
tooi Row Enable to Output Delay. ~ Refresh Enable = Low 

tro Refresh Enable to Output Delay |. “Notes 2, 3 

tron Refresh Enable to Output Delay rules e 

tco Count to Output , a Refresh Enable = High!2) (3) 
too Count to Output | Refresh Enable = High 

fc Counting Frequency 

tcpw Count Pulse Width ie 

tez Count to Zero Detect Note 3 


Notes: 1. Typical values are for Ta = 25°C and Vcc = 5.0V.. e oe 
2. TA= 25°C, Vcc = 5.0V. 
3. Cy = 15 pF. 


A.C. TIMING WAVEFORMS (Typically used with 21 16) 
NORMAL CYCLE 


ROW ENABLE 1.5V 


Ag - Ai3 


Oy 20, DON'T CARE - .. ROWADDRESS= COLUMN ADDRESS 


REFRESH 
ENABLE 


REFRESH CYCLE 


REFRESH 
ENABLE 


"REFRESH ADDRESS 


REFRESH ADDRESS: 


ZERO DETECT 


5300 


Absolute Maximum Ratings* — 


Temperature Under Bias ....:......... 10° to +85°C 
Storage Temperature ........ eae Geet '-65° to +150°C 
All Input, Output, or : an Es 

Supply Voltages 
Output Currents 
Power Dissipation 


-0.5V to +7 Volts 
Steee. 100mMA 


i 


*COMMENT: 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. and Operating Characteristics 
All Limits Apply for Vec = 5.0V, +10%, Ts = 0°C to + 75°C 


SYMBOL PARAMETER sss | MIN. | “TYP tT saa] UN TEST CONDITIONS 
: ae a ec Vix = 58V 
Vou Output High Voltage (Gv-Os) | 30 | 40 | | V | lov=—tmA 
Voni Output High Voltage 7 3.3 dt | lon = —1MA 
(Zero Detect) ae 


Notes: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 


2. Inputs are high impedance, TTL compatible, and suitable for bus operation. 
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3242 


gg a a a a ee 


PIN NAMES AND FUNCTIONS 


Pin Pin 

No. Name Function 

1 Count Active low input increments internal 7- 
Input” bit counter by one for each count pulse 

in. 

2 Refresh Active high input which determines 
Enable | whether the 3242 is in refresh mode (H) 
Input* — or address enable (L). 

9,5,7,21, Ao—Ag Row address inputs. 

23,25,27 Inputs” 

10,6,8,20, A7z—Az3 Column address inputs. 

22,24,26 Inputs” 

11,13,12, Oop—Og Address outputs to memories. Inverted 

18,17,16, Outputs with respect to address inputs. 

19 

14 GND Power supply ground. 

15 Zero Active low output which senses that the 
Detect six low order bits of refresh address in 
Output the counter are zero. Can be used in the 

burst mode to sense refresh completion. 

3 Row High input selects row, low input selects 
Enable column addresses of the driven memo- 
Input* ries. 

28 Vcc +5V power supply input. 


*The inputs are high impedance, TTL compatible, and suitable for bus 


operation. 


DEVICE OPERATION 


The Intel® 3242 Address Multiplexer/Refresh Counter per- 
forms the following functions: 


1. Row, Column and Refresh Address multiplexing. 
2. Address Counting for burst or distributed refresh. 


These functions are controlled by two signals: Refresh Enable 
and Row Enable, both of which are active high TTL inputs. 
The truth table on page 1 shows the levels required to multi- 
plex to the output: 


1. Refresh addresses (from internal counter). 


2. Row addresses (Ag through Ag). 
3. Column addresses (A7 through. A493). 


Burst Refresh Mode 


When refresh is requested, the refresh enable input is high. 
This input is ANDed with the seven outputs of the internal 
7-bit counter. At each Count pulse the counter increments by 
one, sequencing the outputs (Op—Og) through 128 row ad- 
dresses. When the first six significant bits of the counter 
sequence to all zeros, the Zero Detect output goes low, 
signaling the end of the refresh sequence. Due to counter de- 
coding spikes, the Zero Detect output is valid _only after tcz 
following the low-going edge of Count. The Zero Detect out- 
put used in this manner signals the completion of 64 refresh 
cycles. To use the 128-cycle burst refresh mode, an external 
flip-flop must be driven by the Zero Detect. 


Distributed Refresh Mode 


In the distributed refresh mode, one row is selected for refresh 
each (teeeResH/n) time where n = number of refresh cycles 
required for the device and trerresn is the specified refresh 
rate for the device. For the 2116 trerfResH = 2 msec and n = 
128 or 64, therefore, one row is refreshed each 15.5 or 31 
usec, respectively. Following the refresh cycle at row ny, the 
Count input is pulsed, advancing the refresh address by one 
row so that the next refresh cycle will be performed on row 
Ny+4- The Count input may be pulsed following each refresh 
cycle or within the refresh cycle after the specified memory 
device address hold time. 


Row and Column Address 


All 14 system address lines are applied to the inputs of the 
3242. When Refresh Enable is low and Row Enable is high, 
input addresses Ag—Ag are gated to the outputs and applied to 
the driven memories. Conversely, when Row Enable is low 
(with Refresh Enable still low), input addresses A7—Aj3 are 
gated to the outputs and applied to the driven memories. 
Figure 1 shows a typical connection between the 3242 and the 
2116 16K dynamic RAM. When the memory devices are 
driven directly by the 3242, the address applied to the mem- 
ory devices is the inverse of the address at the 3242 inputs due 
to the inverted outputs of the 3242. This should be remem- 
bered when checking out the memory system. 


ZERO DETECT 


REFRESH 
ENABLE 


ROW 
ENABLE 


COUNT 


Figure 1. Typical Connection of. 3242 and 2116 Memories. 
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3245 


intel 


QUAD TTL-TO-MOS DRIVER 
For 4K N-Channel MOS RAMs 


a Fully Compatible With 4K RAMs a High Density — Four Drivers in 


Without Requiring Extra Supply One Package 
OF Ey mal bevices = TTL & DTL Compatible Inputs 
. i mishaert ane thas = =» CerDIP Package — 16 Pin DIP 
» Low Power — 75mW Typical 5 pi i aS +12 Volt nn 


Per Channel 


The Intel® 3245 is a Quad Bipolar-to-MOS driver which accepts TTL and DTL input signals. It provides 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as 
the 2107B. The circuit operates from two power supplies which are 5 and 12 volts. Input and output clamp 
diodes minimize line reflections. 


The device features two common enable inputs, a refresh select input, and a clock control input for 
simplified system designs. The internal gating structure of the 3245 eliminates gating delays and mini- 
mizes package count. 


The 3245 is fabricated by means of Intel’s highly reliable Schottky bipolar process and is specified for 
operation over a 0 to +75°C ambient temperature range. 


PIN CONFIGURATION LOGIC DIAGRAM 


PIN NAMES 


DRIVER OUTPUTS 
+5V POWER SUPPLY 
+12V POWER SUPPLY 
NOT CONNECTED 


SELECT INPUTS 
ENABLE INPUTS 

REFRESH SELECT INPUT 
CLOCK CONTROL INPUT 


3245 


Absolute Maximum Ratings” 


Temperature Under Bias ........... -10°C to 85°C 
Storage Temperature............ -65°C to +150°C 
Supply Voltage, Vcc ....--- ee ee eee -0.5 to +7V 
Supply Voltage, Vpp ..------+-eeee: -0.5 to +14V 
All Input Voltages ............2.4. -1.0 to Vpp 
Outputs for Clock Driver......... -1.0 to Vpp +1V 
Power Dissipation at 25°C .........0.00000: 2W 


*COMMENT: Stresses above those listed under “Absolute Maximum Ratings’”’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above’ those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D.C. Characteristics 
Ta =0°C to 75°C, Vec =5.0V +5%, Vpp = 12V +5% 


| unit | | * “Test Conditions 


—_— 
oO 


= 
S 
+ 
= 
| |=) ie — 


lot =. 5mA, Vi = 2V 
“low = =5mA 


Output Low Voltage 


lep Input Load Current, k,, Io, lz, Iq ee -0. 25° i ee Ve'= 0.45V 

IRp Data Input Leakage Current Pee VR a 5.0V 

IRE Enable Input Leakage Current fe 40 “VR = 5.0V ; 
a 
Pa 
| Vop:0.60_ | 


lou: = -1mA, Vit = 0.8V 
~ lon = 5mA 


Oo 


Output High Voltage yoo? 


VIL Input Low Voltage, All Inputs 


ViH Input High Voltage, All Inputs 


POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION | 


Parameter Co hs 


Additional Test 
Conditions 


Test Conditions 2 init states. to 
ensure the following output states: 


Current from Vcc mA 
lpp Current from Vpp 19 26 mA 
Poi Power Dissipation 365 485 mW 
Power Per Channel 121 mW Vec = 5.25V 
Current from Voc 39 mA Vop = 12.6V 
Ipbp Current from Vpp 12 15 mA 
Poo Power Dissipation 388 mW 


Power Per Channel 


5-34 


10a. 


A.C. Characteristics 1, - 0° to IBC Neo 7 5.0V 5%, Vpp = 12V 45% 


Symbol | eter. 7 Ty sb [Max.(31 | Unit | Test Conditions 
tx; Input to Output Delay ee ee ce 1 tas: Rseries = 0 
tDR Delay Plus Rise Time 20 | 32 | ms _ | Rsenes=0 
te Input to Output Delay re rae pf ons Rseries = 0 
tor Delay Plus Fall Time | series = 0 
tr Output Transition Time . Mp ae te ke vee . P26 |) ins. | Rseries = 2022 
on Delay Plus Fall Time ler ust |, 25 eee anes | Roeries = 202 


NOTES: 1. Cy, = 150pF. * -- These values represent a range of | ce hare 
2. CL= mee | total stray plus clock capacitance © 
3. CL=250pF _| : fornine4K RAMs. © © ~~... A.C, CONDITIONS OF TEST 
4. Typical values are measured at 25°C. 
. Kg te eet Input Pulse Amplitudes: 3.0V 
Capacitance Ta. Saupe Input Pulse Rise and Fall Times: 5 ns between 
. 1 volt and 2 volts 


_. Measurement Points: See Waveforms 


Aer ae — Rseries 
*This parameter is periodically sampled and is not 100% tested... ease 3245 


Condition of measurement is f = 1 MHz, Vpiags = 2V, VCC =O0V;. 
and Ta = 25°C, —. oe el 


ii i 


Waveforms _ ... 


OUTPUT 


INPUT 


+ = tor — <t tor Lael 
Typical Characteristics 
INPUT TO OUTPUT DELAY st DELAY PLUS TRANSITION TIME 
VS.LOAD CAPACITANCE = VS. LOAD CAPACITANCE 


3 z 
E FS 
0 
0 100 . 200... 300 400 500 600 
LOAD CAPACITANCE (pF) 2 fo LOAD CAPACITANCE (pF) 
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Typical System 


Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3245 quad high voltage 


3245 


driver for the chip enable inputs. A single 3245 package drives 16K x 9 bits. Ag through A,, are 2107B addresses. 


<+———_ (9 2107B’s) -———> 


(ROW 4L) 


CHIP ENABLE 


(ROW 3L) 


CHIP ENABLE 


(ROW 2L) 


CHIP ENABLE 


(ROW 1L) 


CHIP ENABLE 


SEE TABLE 1 


SEE TABLE 1° 


DRIVER1 = RS(1) . 
DRIVER 2 [RS(3)] 


DRIVER 1 = RS(2) © 
DRIVER 2 [RS(4)]} 


REFRESH , 
ENABLE 


CHIP ENABLE © 


INTEL® 
3205 

10F8 
BINARY 

DECODER 


CARD D 


CARD A +—— (9 2107B’s) ——> 


(ROW 4R) 
DRIVER 2 
CHIP ENABLE 


(ROW 3R) 


CHIP ENABLE 


(ROW 2R) 


DRIVER 1 
CHIP ENABLE 


(ROW 1R) 
CHIP ENABLE 


CHIP ENABLE 
(ROW 2L) 


CHIP ENABLE 
(ROW 1L) 


TABLE 1. 


INPUTS 


CHIP ENABLE 
(ROW 1R) 


CHIP ENABLE 
(ROW 2R) 


DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 


REFRESH , 
ENABLE 
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Ey | E> 
ENABLE M | ENABLE P 
ENABLE M | ENABLE Q 
ENABLE N | ENABLE P 
ENABLE N | ENABLE 


ENABLE M 


ENABLE Q 


REFRESH 
ENABLE 


intel 
5235, 5235-1 


QUAD TTL-TO-MOS DRIVER 
For 4K N-Channel MOS RAMs 


» CMOS Technology for Very a TTL & DTL Compatible Inputs 


Low Power: Suitable for = CerDIP Package: 16 Pin DIP 
eaten BackUp s Only One Power Supply 
a High Density: Four Drivers Required, +12V (+10%) 


in One Package 


s Internal Gating Structure 
Minimizes Package Count 


The Intel® 5235 and 5235-1 are Low Power Quad TTL-to-MOS drivers which accept TTL and DTL input levels. They provide 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as the 2107A or 2107B. 
The circuit operates from a single 12 volt power supply. 


The device features two common enable inputs, a refresh select input, and a clock control input for simplified system design. 
The 5235-1 is a selection of the 5235 and is guaranteed for 95ns maximum delay plus transition time while driving a 250pF load. 


The Intel ion-implanted, silicon gate Complementary MOS (CMOS) process allows the design and production of very low 
power drivers. 


PIN CONFIGURATION LOGIC DIAGRAM 


PIN NAMES 
| 1j-tg SELECT INPUTS c CLOCK CONTROL INPUT 
|_E,,E) _ ENABLE INPUTS 0,-0, DRIVER OUTPUTS 
| oR REFRESH SELECT INPUT | Vp) +12V POWER SUPPLY 


NC NOT CONNECTED 
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9235, 5235-1 


Absolute Maximum Ratings* 


Temperature Under Bias........... -10°C to 80°C “COMMENT: Stresses above those listed under “Absolute 
Storage Temperature ........... -65°C to +150°C vaximam Ratings ies amie Pe ene amage 2 ime 

device. This is a stress rating only and functional operation of 
Supply Voltage, Vpp --..-..-. 0... “0.5 to +14V the device at these or any other conditions above those 
All Input Voltages ........... -0.5 to (Vpp+0.5V) indicated in the operational sections of this specification is 
Outputs for Clock Driver ...... -0.5 to (Vpp +0.5V) not implied. Exposure to absolute maximum rating 


Power Dissipation at 25°C ................ 1W conditions for extended periods may affect device reliability. 


D.C. Characteristics 1, = 0°c to 70°C, Vop = 12V #10%. 


| Ii Input Load Current 


Test Conditions 


Vin = <O.4V or >2.4V 


-| 
) < 
—/2|s 
: i 
Cc 
ix po 
<|<< S/F 


OL 77 
| Vpp-0.4[Vpp-0.15] lon =-5mA 
Vou Output High Voltage 
We Vpp10.15]| Vpp+0.5 lon = 5mA 


too0__| Supply Curent || to | 20 | ma | F=OMHe | yaa ny 


Ipp1 Supply Current 12 20 mA f = IMHz Vin <0.4V or 
(See Vin22.4V, 
Figure 1) Cy = Opf. 


Note 1: Typical values are at 25°C and nominal voltage. 


Typical Characteristics 


Figure 1. Figure 2. 
POWER SUPPLY CURRENT VS. FREQUENCY DELAY PLUS TRANSITION TIME 
(ALL 4 CHANNELS SWITCHING) VS. LOAD CAPACITANCE 


é 3 
oO = 
a) = 
0.1 0.2 0.5 1.0 2.0 5.0 10.0 0 100 200 300 400 
f (MHz) LOAD CAPACITANCE (pF) 
Figure 3. Figure 4. 
DELAY PLUS TRANSITION TIME DELAY PLUS TRANSITION TIME 
VS. INPUT VOLTAGE VS. INPUT VOLTAGE 
90 
a ty 80 
8 3 
£ E 
« u 
= x) 
70 4 
60 
2.0 2.2 2.4 2.6 2.8 
Vin (V) 
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9235, 5235-1 


A.C. Characteristics 1, =0° to 70°c, Vop = 12v #10%. 


2. CL = 200pF total stray plus clock capacitance . — 
3. C_ = 250pF for nine 4K RAMs. A.C. CONDITIONS OF TEST 


4. Typical values are measured at 25°C, and nominal voltage. 


NOTES: 1. Cy, = 150pF | These values represent a range of 


Capacitance* ; Input Pulse Amplitudes: 2.0V 
pacitance Ta = 25 C Input Pulse Rise and Fall Times: 5ns between 


0.9 volt and 1.9 volts 
Measurement Points: See Waveforms 


Symbol Test 


Cin Input Capacitance 
*This parameter is periodically sampled and is not 100% tested. hes . 
Condition of measurement is f = 1 MHz, Vpias = 2V, Vcc = OV, _ io 
and Ta = 25°C. a a oor CL 
Waveforms 


OUTPUT 
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5235, 5235-1 


Boke aS A to a SS SSS SSS 


Typical System 


Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 5235 quad high voltage 
driver for the chip enable inputs. A single 5235 package drives 16K x 9 bits. Ag through A,, are 2107B addresses. 


CARD D 


<— (9 21078’s) ———> CARD A <——— (9 2107B’s) ———> 


(ROW 4L) (ROW 4R) 


DRIVER 2 
CHIP ENABLE CHIP ENABLE 


(ROW 3L) (ROW 3R) 


CHIP ENABLE CHIP ENABLE 


(ROW 2L) (ROW 2R) 


DRIVER 1 
CHIP ENABLE 5235 CHIP ENABLE 


(ROW iL) (ROW 1R) 
CHIP ENABLE CHIP ENABLE 


SEE TABLE 1 
SEE TABLE 1 
DRIVER1 RS(1) , CHIP ENABLE 
DRIVER 2 [RS(3)] eel TABLE 1 
DRIVER1  RS(2) once =. INPUTS: 
DRIVER 2 [RS(4)] __ © E2 
ENABLE M | ENABLE P 
CHIP ENABLE ENABLE M ; ENABLE OQ 
(ROW 1R) ENABLE N | ENABLE P 
ENABLE N | ENABLE O 
CHIP ENABLE 
pee aa (ROW 2R) 
REFRESH | 
ENABLE DRIVER #2 
OUTPUTS 
SoS, fan Bae CONNECTED IN 
CHIP ENABLE SIMILAR MANNER 
Aig seer 
ENABLE M 
A126 RS(1) ENABLE N 
RS(2) 
“13° RS(S) Aas @ ENABLEP 
ea e ENABLE P 
GND © RS(4) 
REFRESH ENABLE OQ 
ENABLE 
REFRESH 
ENABLE 
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intel 5244 


QUAD CCD CLOCK DRIVER 


a Internal Circuitry Minimizes =» TTL Inputs 
CCD Clock Cross-Coupling 
Voltage Transients a Single +12V Supply 


=» Drives Four 2416s 


=» Low Standby Power Dissipation: 
24mW Typically 


» Standard 16 Pin Dual In-Line 
Package 


The 5244 is a quad clock driver which provides high capacitive drive suitable for driving charge coupled memories. The 5244 
features very low D.C. power dissipation from a single 12V supply with output characteristics directly compatible with the 2416 
clock input requirements. Internal circuitry controls the cross-coupled voltage transients between the clock phases generated 
by the 2416 and limits the transition time so that excessively fast transitions do not occur on the clock line. 


The 5244 is fabricated using an advanced ion-implanted, silicon gate, CMOS process. 


PIN CONFIGURATION BLOCK DIAGRAM 


OUTPUT 
TRANSITION 
CONTROL 


OUTPUT 
BUFFER 
| 


| | | 
NOTES: 1. BOTH PIN 1 AND 8 MUST BE CONNECTED TO Vsgs. 
2. BOTH PIN 9 AND 16 MUST BE CONNECTED TO Vpp- 


OUTPUT 
TRANSITION 
CONTROL 


PIN NAMES 


Vpp +12V POWER SUPPLY 
NC NOT CONNECTED 


Vss GROUND 
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5244 


Absolute Maximum Ratings” 


Temperature Under Bias ...............0000. -10°C to 80°C “COMMENT: 
Storage Temperature .............02 eee -6§65°C to +150°C Stresses above those listed under “Absolute Maximum Ratings” 
Supply Voltage with RespecttoVSS ............. -0.5to+14V may cause permanent damage to the device. This is a stress rating 


only and functional operation of the device at these or any other 


- + : : 
All Input Voltages ........ 6. ee eres eee ee eee 0.5 to (Vop 1V) conditions above those indicated in the operational sections of this 
OUIDUIS: cc cbstcosseveunddaereeeemety ental -1V to (Vpp +1) specification is not implied. Exposure to absolutemaximum rating 
Power Dissipation .......... ccc cece cece ee ences 1.35W conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 
Ta = O°C to 70°C, Vpp = +12V +5%, Vss = QV 


Limits 
Symbol Parameter Min. Typ. M i Test Conditions 


ax. 
Ne Low Level Input Current -10 +0.1 10 


Vin S Vit 
hy High Level Input Current -10 +0.1 10 Vin 2 Vin 
- VIL Input Low Voltage 
Input High Voltage +2.0 +1.5 Vppt1.0 
VoL Output Low Voltage lo. = 5mA 
Vou Output High Voltage Vpp-0.1 Vpp--03 Vpn low =-5mA 


> 


Ippo Standby Current 2. m Vin 2 Vin, Vin S Vir, f = O MHz 


0 4.0 
Ipp1 Operating Current 75 105!3]| mA | Vn>Vin or Vin <ViL, f=0.67 MHz [2 


A.C. Characteristics 
Ta = 0°C to 70°C, Vpp = +12V £5%, Vsg = OV, Note 2 


< 

=r 
Cc 
pars 


Limits Driving 4 2416's 


Symbol Parameter Min. Typ. Max. Units 
VOLT Transient Cross-Coupled Output Low Voltage -0.8 +0.5 +0.8 V 
VOHT Transient Cross-Coupled Output High Voltage Vpp-0.8 Vpp 10.5 Vpp +0.8 V 
tpwt Transient Cross-Coupled Output Pulse Width Note 1 ns 


Atp Differential Delay of to_y and toy, for Drivers 
in the Same Package 


toLH1 Input Low to Output High Delay Time, $1 or $3 
tpoHL1 Input High to Output Low Delay Time, $; or $3 
tTLH1 Output Rise Time, @1 or $3 


~N 
oO 
a 
n 


tTHL1 Output Fall Time, ¢; or ¢3 

tpLH1 Input to Output Delay Plus Rise Time, ¢; or $3 100 160 ns 
tPHL1 Input to Output Delay Plus Fall Time, ¢; or $3 
toLH2 Input Low to Output High Delay Time, 2 or $4 
tpoHL2 Input High to Output Low Delay Time, $2 or $4 


tT LH2 Output Rise Time, $2 or $4 


o 
o 
a] 
72) 


tTHL2 Output Fall Time, $2 or $4 
tpLH2 Input to Output Delay Plus Rise Time, $2 or oq 110 175 ns 


110 170 ns 


WW) Wi wl] w WwW] Wl wl] w 
oO;}O;O0!] oO o;o!]o!] © 
oa} ol o ial a}] a 
am] oOo] o oO;|ol;lo; © 
Coe Mee) ~~] _— 
o;ia on on 
5 
”n 


tpHL2 Input to Output Delay Plus Fall Time, ¢9 or ¢4 


Notes: 1. The maximum tpyT is the sum of the output transition time (rise or fall) plus 5ns. 
2. Output Load = four 2416 clock inputs or equivalent per Figure 2. 
75.4 mA 


3. Ipp1 =4.0 mA + — — 
tga (in us) 


5-42 


CAPACITANCE* ae = 25°C 


*This parameter is periodically sampled and is not 100% tested. 


A.C. Test Conditions 

1. TTL Input Levels = 0.4V to 2.4V. 

2. Input Rise and Fall Times = 5 ns between 0.9V and 1.9V. 

3. Output Load = Four 2416 clock inputs or equivalent per Figure 2. 

4. Cross Coupled Voltage Pulse Width measured at t0.4V and Vpp +0.4V. 


Conditions 
f = 1 MHz, Vpias = 2V, Vpop = OV 


Waveforms 
A. INPUT TO OUTPUT DELAY 


Vin 

INPUT 
Vie 
Vou 

OUTPUT 
Vo 


B. 5244 OUTPUT CROSS-COUPLED VOLTAGE (DRIVING FOUR 2416’S) 
5244 OUTPUT DRIVING 2416 4, 


Vou 
Vont (MIN.) 


| 
towT 
Vout (MAX.) 


Vor 


5244 OUTPUT DRIVING 2416 ¢o 


Vout (MAX.) 


Vou 
Vout (MIN.) 


5244 OUTPUT DRIVING 2416 ¢3 


Voit (MAX.) 


Vor 
Vor (MIN.) 


9244 OUTPUT DRIVING 2416 ¢4 


Vont (MAX.) 


Vou 


Vor 
Vorr (MIN.) 
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5244 


Typical Characteristics 
OUTPUT RISE AND FALL TIME VS. CAPACITANCE 


140 


RISE OR FALL TIME (ns) 


°o 1000 2000 3000 4000 5000 6000 7000 8000 


OUTPUT LOAD CAPACITANCE (pf) 


Ipp VS. FREQUENCY 


Ipp (mA) 


100kHz 


FREQUENCY 


Application Information 


The 5244 is a TTL to MOS level converter designed to drive 
very high capacitive loads with no required additional 
external components. Its primary application is to drive the 
clock phase inputs of the Intel ® 2416, a 16,384 word x 1 bit 
charge coupled device. 


DRIVING THE 2416 


The 5244 is designed to drive the clock phase inputs of four 
2416s and meet or exceed the electrical specifications of 
these inputs. The 2416 clock specifications of special 
interest to the system designs are: 


1. Clock transition time. 
2. Clock to clock voltage coupling. 


Clock Transition Control 


The 5244 will meet the min/max clock transition time 
requirement of the 2416 when driving four 2416s. However, 
when driving less than four 2416s an external capacitor 
(Cext) Must be added to assure that the minimum clock 
transition time (3Ons) is adhered to. The maximum clock 
transition time for the 5244 will not be exceeded if Cex: is 
chosen according to the recommendations in Figure 1. 


Coxe = (4-N) C 
WHERE C, = TYPICAL 2416 INPUT CLOCK CAPACITANCE. 
A VALUE FOR Cy WITHIN THE RANGE OF 300pF 
TO 400pF WILL WORK FOR ALL CLOCKS, $1...¢4. 
N =NUMBER OF 2416s PER 5244 OUTPUT. 


Figure 1. External Loading Requirements When Driving 
Fewer Than Four 2416s. 


Clock Skews 


The differential delay of top_y or toy, for driver elements in 
the same package is specified to be Atp (15 ns max.). This 
provides assurance to the system designer that the maximum 
skew introduced by a 5244 driver package will be limited to 
Atp. As an example, if the fastest toc y (or toy.) occurs for 
1, to O; and this is measured to be 45 ns, the output delays 
for Ip to Oo, Iz to 03 or 14 to O4 will be no greater than 60 
ns. This should be taken into consideration when designing 
the TTL source of the four phases required for 2416 opera- 
tion. To minimize system skew, the four phases associated 
with any given group of 2416s should be provided from the 
same 5244 package. 


Clock to Clock Voltage Coupling 


The equivalent circuit of the 2416 clock phase inputs is 
shown in Figure 2. The magnitude and duration of the 
cross-coupling are graphically presented in Waveform B 
and specified in the A.C. Characteristics. Figure 3, on the 
next page, shows the noise margin between these 
specifications and the 2416 input requirements. 


$4 10<C<300pF 


DATA DEPENDENT 


%2 


200pF 


$3 


oq 
EFFECTIVE INPUT CAPACITANCE 
61 & $3 = S00pF 
2 & $4 = 700pF 


Figure 2. 2416 Equivalent Capacitance Circuit. (Maximum 
values shown.) 
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5244 


DRIVING CLOCK 
(NOT TO SCALE) 


2416 SPECS 5244 SPECS 


61 & 63 2 & o4 


Vines (MAX) 
Vinct1 (MAX) | Viey2(MAX) 


CLOCK 
HIGH 


LEVELS 


EXPANDED 
SCALE OF 
CLOCK 
HIGH 
-LEVELS 
Vv SHOWN 
GUARANTEED 5244 OPERATION DD WITH 
$6 « ' CROSS. 

COUPLING 
TO THE 
DRIVING 
CLOCK 


eee (Recoeamay 
—_ aa 
Vict (MIN) 


2416 SPEC 5244 SPEC 


$1.--04 


¢1--4 | CLOCK 
LOW 
LEVELS 


EXPANDED 
CLOCK 
LOW 
LEVELS 
SHOWN 
WITH 
CROSS. 
COUPLING 
TO THE 
DRIVING 
CLOCK 


Vitc (MIN) 


$1-.94 
Vircr (MIN) 


Figure 3. Noise Margins Between 5244 Output Specs and 2416 ¢,; .. . 4 Input Requirements. 
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2125A 1K, 45ns STATIC RAM 


ARLICOPRALLEEELY 
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MEMORY SYSTEMS 


INTRODUCTION 


Intel Memory Systems offers standard and custom memory systems ranging from single board as- 
semblies to multimegabyte systems. Advanced 4K, 8K and 16K RAMs and 16K CCD serial memory 
components are utilized for highest performance and lowest cost. 


TABLE OF CONTENTS 
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In 


in-26A Series 
GENERAL PURPOSE 
RANDOM ACCESS MEMORY SYSTEM 


CAPACITY: To 4K x 10 Per Card 


To 32K x 10, 16K x 20, 8K x 40 Per 7” Prenaeele: 
Including Power 
To 128K x 10 Through 16K x 80 Per 10-1/2” Unichassis 


The in-26A is an extremely easy memory system to use. 
The in-26A is a static memory system designed to meet 
the high reliability and low cost requirements of random 
access buffer storage applications. Featuring a 
complete memory system on a single PC board, this 
memory board has a maximum capacity of 4K x 10 and 
multiple cards can be used to configure systems up toa 
maximum Capacity of 65K x 10. It can also be provided in 
smaller capacities by de-populating the memory 
boards. The compact size of this system makes it ideal 
for use as buffer storage for various computer peripheral 
applications. This memory system can be easily 
modified to interface with the Intel 4- and 8-bit 
microprocessors, the 4004, 4040, 8008 and 8080. in-Unichassis 


Features 

Low Cost Memory 

High Reliability 

Modular Expandability 
Module Interchangeability 
Fast Cycle Time 

Low Power Requirements 
TTL Compatible 

Compact Size 

Field Expandable 

One Power Supply Voltage 
Address Registers 

Single Board System 
Board Select in-Minichassis 
Two Chassis Systems 


in-26A series 


Product Characteristics 


Capacity: 


Word Length: 


Cycle/Access Times: 


Dimensions: 
Memory Board 
(4K x 10) 


Mating Connectors: 


Operational Modes: 


Interface 
Characteristics: 


DC Power 
Requirements: 


Temperature: 


Relative Humidity: 
Altitude: 


4096 words expandable to 65K 
words by the addition of memory 
cards 

8,9,10 bits per card. Longer 
words can be made by adding 
additional memory cards 
in-26A-1 — 650 nanoseconds 
in-26A-2 — 475 nanoseconds 
in-26A-3 — 375 nanoseconds 


8.175 inches High 
6.0 inches Deep 
0.5 inch mounting centers 


Amp 1-67878-0 
Sylvania 7900-0281-X 
Winchester HWs0D0111 
Viking 3VH50/1CN5 
Stanford Applied 

Engineering CP8000-100 
CDC VPB0O1C50E00A1 
READ (NDRO) 
WRITE 


TTL-compatible-Open 
Collector (S/N 7438) or 
three-state (S/N DM 8094). 
Byte Select (5-bit) 


in-26A = +5.0V + 5% 

1.25A Typical 

3.0A Maximum 

0°C to +50°C operating 
ambient 

-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating 


Memory Operation 


The in-26A memory system is capable of performing 
in the following modes: READ (NDRO) and WRITE. 


Read (NDRO) 


With the READ/WRITE line at OV, the memory will 
perform a READ operation from the selected word and 
transfer the data to the output bus. The contents of the 
word location is not changed. 
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Write 


With the READ/WRITE line at +V, the memory will 
perform a WRITE operation into the selected word. Data 
on the input bus will be clocked into the Data Register 
and stored in the Selected Word. 


Standard Input Lines 


The following lines carry input information to the 
memory system. All timing relationships are measured 
at the 1.5V level of the leading edge of all signals. All 
input signals are TTL level compatible, loading is 
different and will be specified for each individual input. A 
low input is <0.8V. A high input is> 2.0V. 


Cycle Initiate 


A CYREQ is required at the beginning of each cycle. 
CYREQ Is an active low signal and should have the 
following characteristics: 


Rise and fall times (1V-2V): 20 ns maximum 


Duration (1.5V-1.5V): 100 ns 
Loading: 290 UA 
Read 


No special signal is required to indicate a READ 
operation. The READ mode is mutually exclusive with 
the WRITE mode, hence a low input onthe WRITE line at 
tg is indicative of a READ operation. Data will be 
available on the output bus, delayed from tg by the 
access time, associated with the address provided. 


Byte Lines 

Two byte control lines are provided for 5-bit byte 

operation. Enabling BYTE 1 will write into the lower 5- 

bits. Enabling BYTE 2 will write into the higher 5-bits. 
Timing — Same as write, but opposite polarity. 


Options 


e Minichassis 
e UT-26/50 Series Interface Boards 
e EX-26/50 Extender Boards 


intel 
in-40 Series 


GENERAL PURPOSE 


RANDOM ACCESS MEMORY SYSTEM 
CAPACITY: To 16K x 18/32K x 9 Per Card, Separate Control 
Card Drives Up to 8 Memory Cards 
To 256K x 9, 128K x 18 or 64K x 36 Per 7” 
Minichassis, Including Power 
To 768K x 9, 384K x 18, 256K x 36, 128K x 54 
or 96K x 72 Per 10-1/2” Unichassis 


The Intel® in-40/42/44 Semiconductor Memory 
System is available as a basic card set or mounted in a 
card chassis with connectors and back panel wiring. 
The basic system consists of three cards called the 
Memory Unit Card (MU), the Control Unit Card (CU), and 
the Buffer Unit Card (BU). This system provides 16K x 18 
or 32K x 9 per card set and can be expanded to 128K x 
18 or 256K x 9 by the addition of Memory Unit Cards. A 
single Control Unit Card is capable of addressing 128K x 
18 or 256K x 9. Module selection is done internally in the 
memory system. 


in-Minichassis 
Dimensions: 7”H x 19"W x 17”D 


Features: 

e Low Cost Memory e Field Expandable 

e High Reliability e Byte Control 

e High Density e Module Select 

e Modular Expandability e Address Register 

e Module Interchangeability @ Data Register 

e Automatic Refresh (Optional) 

e Fast Cycle Time e Basic Module Available 

e TTL Compatible As 16K x 18 or 32K x 9 in-Unichassis 

e Low Power Requirements © Two Chassis Systems Dimensions: 10.5”H x 19”"W x 12.5”D (Large) 
e Compact Size 10.5"H x 19”W x 8.5”D (Small) 


CU 


cu 


AD15,16,17| PINs | 10F 8 
88-90 | DECODE 


MULTIPLEXED 
WITH ADOO 


DAVIL TIMING AND 
CONTROL (5) 


RDALO TO RDAU8 


(18) 


in-40 Series Block Diagram (Word Length Less Than 9-Bits) in-40 Series Block Diagram (Word Length More Than 9-Bits) 
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in-40 series 


Product Characteristics 

Storage Capacity: 4096, 8192, 16,384, 32,768 
words, expandable to 128K x 18 
or 256K x 9 

8,9,10,12,16 or 18-bits per 
memory card. Longer words are 
made by combining memory 
cards. 

in-40 — 500 nanoseconds 
in-42 — 550 nanoseconds 
in-44 — 875 nanoseconds 
in-40 — 330 nanoseconds 
in-42 — 400 nanoseconds 
in-44 — 480 nanoseconds 
in-40 — 2 milliseconds 

in-42 — 2 milliseconds 

in-44 — 1 millisecond 

Write 

Read (NDRO) 

Data Save 

R/M/W 

Refresh 

TTL Compatible 

12-18 lines, binary 
(Single-ended) 

Up to 18 lines, (Single-endeda) 
Up to 18 lines, (Single-ended) 
4 lines (cycle request, 
read/write, byte control), 
Single-ended 

2 lines (cycle acknowledge, 
data available), Single-ended 
0°C to +50°C operating 
ambient 

-40°C to +125°C non-operating 
Up to 90% with no condensation 


Word Length: 


Cycle Time: 


Access Time: 


Retention Time: 


Modes of Operation: 


Input/Output: 
Address Input: 


Data Input: 
Data Output: 
Input Controls: 


Output Controls: 


Temperature: 


Relative Humidity: 


Altitude: 0 to 10,000 feet operating. Up 
to 50,000 feet non-operating 

Interface: TTL levels all inputs and outputs 
Input: 

Logic Low -1.0to +0.7V @S2mA 

Logic High +2.2 to +5.5V @< 100 uA 
Output: . 

Logic Low -0.5 to +0.5V @<16mA 

Logic High +2.4 to 5.25V @< 200 LA 
Dimensions: Each Card, MU and CU, is 


<0.45" thick and has the 
Outline dimensions as shown: 
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8.175” 6.375” 


be sac ea hee ed 


Weight: 


Each card weighs less than 

1 pound 

Built-in data register which 
permits write data to be sampled 
earlier in the cycle than would 
normally be required. 


Optional Items: 


Module D.C. Power Requirements 
MU-40/42/44: 


SELECTED 
Current (Max.) Regulation 


Vpop +12.0V 1.3 Amps 
Voc +9.0V 0.35 Amps 
Voce +5.0V 0.65 Amps 
Vez -9.0V <10.0 Milliamps 


UNSELECTED 


Curent ex 


Vpop +12.0V 0.20 Amps 
Voc +9.0V 0.35 Amps 
Vec2 +5.0V 0.65 Amps 
Vpp -9.0V <10.0 Milliamps 


CU-40/42/44: 


Voltage 


Vec1 +5.0V 


Regulation 


Current (Max.) Regulation 


VGC +5.0V 
Vpp -9.0V 


*<€ 1.0 mA during Data Save. 


intel 
in-65 


GENERAL PURPOSE BORAM 


MEMORY SYSTEM 


CAPACITY: 128K Bytes Per MU-65 Card 
2 Megabytes Per Megachassis™ 


The in-65 is a general purpose and a very economical 
CCD memory system designed around the Intel® 2416 
component. This product is best described and utilized 
as a Block-Oriented Random Access Memory. The 
system can be used to randomly address blocks of data 
and then transfer data sequentially within the data block 
at very high data rates. The system is available as a 
basic card set which consists of the CU-65, MU-65 and 
BU-65. The CU-65 provides all interface, timing and 
control logic for up to 8 MU-65's. The MU-65 contains all 
the memory components (2416's) and associated driver 
and buffer circuits. The BU-65 is synchronized to the 
CU-65 and provides for word length expansion. The 
system is available as a basic card set or mounted in a 
card Chassis, the ‘Megachassis™” with connectors and 
backpanel wiring. Entire systems with power supplies, 
racks and cooling fans can also be provided. The 
standard system modules can be organized into many 
different system configurations and capacities, ranging 
from 1 Megabit to hundreds of Megabits. The large 
Capacity, high performance characteristics and econ- 
omy of the in-65 make it ideally suited for disc and drum 


replacement and data rate buffer applications. in-Megachassis™ 
Features: 
e Reduced Latency (150 us average) 
e Improved Reliability and Maintainability 
e Modular Design 
e Module Expandability and Interchangeability 
e High Data Transfer Rates 
e Block and Word Modes of Operation 
e Low Cost 
e Simple Asynchronous Interface 
e Fully Buffered 
e Options 
— Byte Parity 
— ECC 


— Error Logger 


TUNE 
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Product Characteristics 

Storage Capacity: MU-65 — 128K Bytes 
(Maximum) Megachassis — 2 Megabytes 

(16 MU-65 cards) 

7,8, or 9-bits. The 9th bit can 

be either a parity or data bit. 

1 to 8 bytes 

Block (Read, Write) 

Random or Word (Read, Write) 


Byte Length: 


Word Length: 
Modes of Operation: 


Seek 
Standby/Refresh 

Data Rates 2 to 1.78 Megawords per 

(Parallel! Data): second 

Latency: 300 us maximum, 150 us 
average 

Temperature: 0°C to 50°C operating 
ambient, -40°C to +125°C 
non-operating 

Humidity: Up to 90% non-condensating 

Altitude: 0 to 10,000 feet operating. Up 
to 50,000 feet non-operating 

Cooling: For multiple card installation, 


a cooling air flow of 300 cubic 
feet per minute is 
recommended. 
15.00 inches High 
12.00 inches Deep 
0.625 inch mounting centers 
Card Cage Clearance: 0.125 
inches along the 12" 
card edge. 
Cards — 2 lbs. each 
Megachassis™ — 20 Ibs. each 
(2 backplanes)—less boards 
Four regulated power supply 
voltages are required 


Card Dimensions: 
(MU-, BU-, CU and 
and UT-65) — 


Weight (Typical): 


DC Power 
Requirements: 


Maximum Typical 


MU-65 35W 9.5W 
CU-65 2B8W 28W 
BU-65 QW QW 


Memory Operation. 
Interface 


The standard in-65 system provides an asynchronous 
type interface. All interfacing to the in-65 system Is to 
either the CU-65 or BU-65. The user does not interface 
directly to the MU-65. All CU-65 and BU-65 interface 
signals are TTL compatible and capable of driving about 
3 to 4 foot interface cables. The !|/O connectors.used for 
the in-65 system card assemblies are 80-pin, double- 
sided connectors with 125 mil centers and 0.025 square 
inch wire-wrap posts. The connectors are an integral 
part of the backplane assembly. 
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Options 

Parity Option -001: The in-65 has a number of possible 

parity options: 

a. Checks byte or word parity on data transmitted from 
user prior to storage. The parity bit(s) may or may not 
be stored. 

b. Generates byte or word parity on data transmitted 
from user for storage, or on stored data for transmittal 
to user. 

c. Checks byte or word parity of stored data against 
stored parity bit(s) or (b) above. 

In case of either a transmitted parity failure (a) or a 
storage parity failure (c), a parity error signal is returned 
to the user. Parity is normally calculated on an 8-bit data 
byte, but may be “chained” to calculate parity on longer 
data words, with a slight degradation in access and 
cycle times. 


Error Correction Option -002: The in-65 memory system 
can be provided with error correction circuits for those 
systems requiring improved system reliability. The 
typical error correction circuits utilized with the in-65 
system correct single-bit errors and detect double-bit 
errors. 


Error Log Option -003: The in-65 system can be 
provided with error logging circuits to enhance system 
maintainability. The error log option is used in 
conjunction with the error correction option and stores 
information concerning single-bit failures. 


Utility Card (UT-65) Option -004: A utility card with wire- 
wrap sockets for integrated circuits is available in the 
same form factor as the MU-65, CU-65 and BU-65. This 
card can be used for special customer interfaces. 


Maintenance Philosophy 


The in-65 memory system requires minimal periodic 
maintenance or adjustments except to clean filters or 
fan assemblies and adjust voltages on the system power 
supplies. A module replacement maintenance philos- 
ophy is recommended. 


intel 
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CRT REFRESH/SPECIAL PURPOSE 


MEMORY SYSTEM — 
CAPACITY: 16K x 16 (256K x 1) Per Card 


The in-477 memory card is designed for storage and 
retrieval of digital video image data. Each card has a 
Capacity of 256K (K=1024) bits, which will store a 512 x 
512 CRT image. Cards may be operated in parallel to 
create a gray-scale or multi-color displays. The card 
may be operated in a single bit per cycle serial mode, or 
a sixteen bit parallel mode. The card contains a sixteen 
bit parallel-to-serial register with external clocking and 
loading, to permit a serial bit readout at higher speeds 
than the normal card cycle time. 


Refreshing of the data in the N-Channel MOS RAM's is 
normally achieved by sequential scanning of the 
memory for CRT display refresh purposes. For special 
applications, the card can be refreshed externally at a 
rate of 64 times every 2 milliseconds, rather than 256 
times every 2 milliseconds during the normal display 
refresh scan. This is accomplished by refreshing one 
row in all64 RAM’s on the card at once. Aclear memory 
mode allows setting all memory locations to either aone 
or zero state in a simplified manner, if desired for 
Initialize, Reset, Erase or other purposes. 


HCRT CHASSIS 


Features: 
e Single Card Memory 


MA 04-09 MA04-09 INTERNAL CHIP ADDRESSES wet 


MEMORY STORAGE 


MA12-17 16 WORDS x 16 BITS 

: . 64 2107 RAMS EACH 
e Designed for use with a 512 x 512 MATOTi WITH 64 x 64 
display matrix, accomplishing a cceeae CELL ARRAY 


complete 512-bit line refresh and 
update in approximately 52 
microseconds CLOCK ENABLE 


MODE ENABLE 
CH GATE 


WORD MODE WEO 15 
BIT MODE WEXX 


e Automatic or customer-controlled 


refresh Waitt ENAGLE 

e Allows “RANDOM INSTANTA- ram 
NEOUS” updating of data WATIM 

e Single boards can be used for penile 
“CHARACTER/GRAPHIC” displays eee: 

e Multiple boards can be used for pe dL SI eared cea 
“GRAY-SCALE AND COLOR” CLOCK SYNC geet | | DECODER MODE 
displays VIDEO OUT (1 LINE) 


DAXX (DATA OUT 1 LINE) 
DA00 15 (DATA OUT 16 LINES) 


DA00 15 (DATA IN 16 LINES) DATA LATCH WH DATA 0-15 


DAXX (DATA IN 1 LINE) 


e Two speeds are available 


e Uses Intel 2107B 4K Dynamic RAM 
components 


e¢ Operates in parallel word, serial word, 
and single bit modes Memory Block Diagram 
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Product Characteristics 

Storage Capacity: 256K bits, addressable as a 16K 

word by 16-bit memory, or as a 

256K word by 1-bit memory. 

in-477 650 nanoseconds 

in-477-1 450 nanoseconds 

in-477 350 nanoseconds 

in-477-1 280 nanoseconds 

2 milliseconds 

(R/M/W Cycle) 

in-477 950 nanoseconds 

in-477-1 750 nanoseconds 

10 megahertz, maximum 

Write Word (Parallel 16-bit data 
word transfer) 

Read Word (Parallel 16-bit data 
word transfer) 

Write Bit (Single-bit data 
transfer) 

Read Bit (Single-bit data 
transfer) 

Read Word (Serial 16-bit data 
word transfer) 

Clear Set 


Cycle Time: 
Access Time: 
Retention Time: 


Split Cycle: 


Serial Data Rate: 
Modes of Operation: 


Interface Signals: 
Address Input: 
Data Input/Output: 


18 lines (TTL) 

16 lines for parallel word modes, 
1 line for serial word mode, plus 
1 line for single-bit modes, all 
open collector, bi-directional 
lines 

Clock Enable 

Write Enable 

Word/Bit Select 

Mode Enable 

Card Select 

Write Time Gate 

Clear Memory Enable 

Shift Register Load 

Serial Shift Clock 

TTL levels for all inputs and 
outputs. 

0°C to +50°C operating 
ambient, -40°C to +125°C non- 
operating 

Up to 90% with no condensation 
Up to 10,000 feet operating. Up 
to 50,000 feet non-operating 


15 inches long by 15 inches 
wide, with 0.5 inch mounting 
centers 

+5V +5% @ 3.0A, maximum 
+12V +5% @ 1.5A, maximum 
-5V +5% @ 0.05A, maximum 
Interface connections for the 
memory can be made via two 
100-pin edge connectors on the 


Clock Input Lines: 


Logic Levels: 


Temperature: 


Relative Humidity: 
Altitude: 


Card Dimensions: 
Power Requirements: 


Interface Connectors: 
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memory card which mate with 
any of the following connectors: 


Intel 46-0010-001 CDC VPB01C50E00A1 
Viking 3VH50/1CN5 Sylvania 7900-0281-X 
Amp 1-67878-0 


Memory Operation 


Read Operation 

Read and Write can be combined for Read/Modify / 
Write operation. During a parallel read operation, the full 
data word (16-bits) is placed on 16 bi-directional lines 
and transferred from memory. 


At the same time, all 16 data bits read out from memory 
may be transferred out serially on a single line. These 
bits are used to refresh a video display. Serial data is 
transferred out via parallel-to-serial shift registers 
enabled by word sync and clock sync inputs. 

During a single-bit read operation, the 16-bit data word 
is read out from memory, but only one of the 16-bits is 
transferred out on a single output line. Single-bit read 
operation can occur simultaneously with serial read out. 
but not simultaneously with parallel operations. 


Write Operation 

During parallel write mode, 16 data bits are received at 
the memory interface and stored. In single-bit write 
operations, only one selected data bit is transferred into 
the memory and stored. Single-bit write and parallel 
write operations are mutually exclusive. 


Clear Set Operation 

The memory may be initialized, reset or erased by 
means of the clear set operation which forces all 16-bits 
of the data word selected toa ‘'1" or 0” level, viaa single 
input line. 

Refresh Operation 

The in-477 refresh operation takes place automatically 
during serial read operations for video refresh. Address 
bits 4-11 are toggled, allowing a complete refresh 
operation in 256 cycles. Address lines 4-11 must be 
connected to the lowest order video scan address lines. 
No special provisions are necessary during horizontal or 
vertical retrace. However, if vertical retrace exceeds 1.4 
milliseconds, then arefresh address counter is needed. 
This can be supplied by the low order bits of the video 
scan address counter. 


The refresh enable jumper option allows an externally 
controlled refresh operation, which is completed in 64 
cycles. 
Optional Features 
A number of optional features are available with the in- 
477 memory. These options are implemented by 
installing or removing certain jumpers. 

in-477 Chassis 


Maximum 

Capacity 
HCRT 12 Cards |10.5”H x 19"W x 19”D 
VCRT 


24 Cards |17.5"H x 19"W x 19"D 


Cooling 
Provided 


Yes 
No 
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GENERAL PURPOSE 


RANDOM ACCESS MEMORY SYSTEM 


CAPACITY: To 64K x 18/128K x 9 Per Card, Separate Control Card Drives 
Up to 8 Memory Cards 
To 1024K x 9, 512K x 18 or 256K x 36 Per 7” Minichassis, 
Including Power 
To 3072K x 9, 1536K x 18, 1024K x 36, 512K x 54 or 
384K x 72 Per 10-1/2” Unichassis 


The Intel® in-1600/1620 Semiconductor Memory 
System is available as a basic card set or mounted in a 
card chassis with connectors and back panel wiring. 
The basic system consists of three cards called the 
Memory Unit Card (MU), the Control Unit Card (CU), and 
the Buffer Unit Card (BU). This system provides 64K x 18 
or 128K x 9 per card set and can be expanded to 512K x 
18 or 1024K x 9 by the addition of Memory Unit Cards. A 
single Control Unit Card is capable of addressing 512K x 
18 or 1024K x 9. Module selection is done internally in : in-Unichassis 

the memory system. Dimensions: 10.5”H x 19”"W x 12.5"D (Large) 

10.5"H x 19”W x 8.5”"D (Small) 


ttl 


Features: 

e Low Cost Memory e Field Expandable 

e High Reliability e Byte Control 

e High Density (2 Zones Maximum) 

e Modular Expandability e Module Select 

e Module Interchangeability ¢ Address Register 

e Automatic Refresh e Data Register (Optional) 

e Fast Cycle Time e Basic Module Available 

e TTL Compatible as 64K x 18 or 128K x 9 | 

e Low Power Requirements @ Two Chassis Systems - in-Minichassis 
e Compact Size Dimensions: 7”H x 19"W x 17”D 


cu 


CU 


AD 15,16, 
17,18,19 P pins 10F8 4D14,15, 
88-90 | DECODE 16,17,18] pins | 10F 8 
88-90 | DECODE 


KOGHESS BYENCL| 
LOGIC BYENU 
91 
92 . 
cag AD 00-13 
ct ; meee st MULTIPLEXED 
READC CYREQ, WITH ADOO 
CONTROL READC Todt G3) Mi 
ae LOGIC Stes 
CYACK, CYACK, Sno 
DAVIL DAVIL TIMING AND 
CONTROL (5} 
WDAUO TO 
AD12,13,14,15 
(2) 


WDAU8 DATA se a 
(9) LOGIC 3) ADAU8 


WD 6 BITS (6) 
USEL, LSEL (2) 


RDALO To RDAUS 


(9) 


in-1600 Series Block Diagram (Word Length Less Than 9-Bits) in-1600 Series Block Diagram (Word Length More Than 9-Bits) 
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Product Characteristics 


Storage Capacity: 


Word Length: 


Cycle Time: 
Access Time: 
Retention Time: 


Modes of Operation: 


Input/Output: 
Address Input: 


Data Input: 
Data Output: 
Input Controls: 


Ovtput Controls: 


Temperature: 


Relative Humidity: 
Altitude: 


Interface: 
Input: 
Logic Low 
Logic High 
Output: 
Logic Low 
Logic High 
Dimensions: 


16,384, 32,768, 65,536, 131,072 


words expandable to 1024K x 
18 or 2048K x 9 

8,9,10,12,16 or 18-bits per 
memory card. Longer words are 
made by combining memory 
cards 

in-1600 — 500 nanoseconds 
in-1620 — 550 nanoseconds 
in-1600 — 330 nanoseconds 
in-1620 — 400 nanoseconds 
in-1600 — 2 milliseconds 
in-1620 — 2 milliseconds 
Write 

Read (NDRO) 

Refresh 

TTL Compatible 

14-20 lines, binary, 
(Single-ended) 

Up to 18 lines, (Single-ended) 
Up to 18 lines, (Single-ended) 
3 lines (cycle request, 
read/write, byte control), 
Single-ended 

3 lines ( cycle acknowledge, 
memory busy, data available), 
Single-ended 

O°C to +50°C operating 
ambient 

-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating 

TTL levels all inputs and outputs 


-1.0 to +0.5V @<2mA 
+2.0 to +5.5V @< 100uA 


-0.5 to +5.0V @< 15 mA 
+2.4to 5.25V @< 200uA 
Each Card, MU and CU, Is 
< 0.45" thick and has the outline 
dimensions as shown: 


R19 


Weight: 


Each card weighs less than 

1 pound 

Built-in data register which 
permits write data to be sampled 
earlier in the cycle than would 
normally be required. 


Optional Items: 


Module D.C. Power Requirements 
MU-1600/1620: 


SELECTED 
Curent (ax) 


Vop +12.0V 1.6 Amps 
Veco +9.0V 0.85 Amps 
Vec2 +9.0V 1.15 Amps 
Vep -9.0V 13.0 Milliamps 
UNSELECTED 
Vop +12.0V 0.26 Amps 
Voci1 +9.0V 0.85 Amps 
Vece2 +9.0V 1.15 Amps 
Veep -5.0V 13.0 Milliamps 


CU-1600/1620: 


Voc1 +5.0V 3.00 Amps 
Veco +5.0V 0.55 Amps 
Vpp -9.0V 0.30 Amps 


In 


in-3000 

GENERAL PURPOSE AND MINICOMPUTER 
RANDOM ACCESS MEMORY SYSTEM 
CAPACITY: To 64K x 22 Per Card 


To 256K x 22 or 128K x 44 Per 5-1/4" 
HMS Chassis, Including Power 


Presently available memory systems can be updated to 
higher densities and better performance with the in- 
3000 series which is available as: 

1. A single printed circuit card memory system with its 
own control, optional error correction and detec- 
tion. The in-3000 memory card (MU-30XxX) contains 
all the required memory interface logic and up to 
64K words x 22 bits of 16K x 1-bit (or 8K x 1) Dynamic 
RAMs. 

2. Up to 4 printed circuit memory cards (MU-30XxX) 
horizontally-mounted in a chassis complete with 
connector, back plane wiring, self test card, optional 
interface card, and power supply. 


Features: 


TTL Compatible 

Optional termination on the board 

Self-Test card with microprogrammable control 
EMM u3000 system compatible 


e Stand-alone memory system 

e Automatic refresh or customer controlled refresh 
e Variable memory size per board 

e Single board as a memory system 
e Variable bit length per word 

e Fast Cycle Time 

e Fast Access Time 

e High Reliability 

e Modular Expandability 

e Field Expandable 

e ECC Option 

e +15V Option 

e 

e 

e 

® 
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Interface — Memory System Single Card 


Edge Connector 
ee 


OV 


MEM PROTECT 


OV 


a 


OV 


in-3000 


a ——— 


Product Characteristics 


Storage Capacity: 


Word Length: 


Cycle Time: 
Access Time: 


16,384, 32,768, 65,536 words 
per board expandable to 256K x 
22 or 512K x 11 per system with 
multiple boards 

16 or 22-bits per memory Card. 
Longer words are made by 
combining memory cards 

450 nanoseconds 

275 nanoseconds 


Note: With ECC option -001, add 50 ns to the access 


time. 
Retention Time: 


Modes of Operation: 


Input/Output: 
Address Input: 


Data Input: 
Data Output: 
Input Controls: 


Output Controls: 


Temperature: 


Relative Humidity: 


Altitude: 


Interface: 
Input: 
Logic ‘1° 
Logic ‘0’ 
Output: 
Logic ‘1 
Logic ‘0’ 
Dimensions: 


2 milliseconds 

Write 

Read (NDRO) 
Read-Modify-Write 

Refresh 

TTL Compatible 

14-20 lines, binary 
(Single-ended) 

Up to 22 lines, (Single-ended) 
Up to 22 lines, (Single-ended) 
11 lines, Single-ended, Initiate, 
Byte Control;, Byte Controlo, 
Split Cycle, Write Pulse, General 
Reset, address option, timing 
option, ECC check, ECC 
disable, memory protect 

5 lines (memory busy, double 
error, write parity, memory pro- 
tect,dataavailable).Single-ended 
0°C to +50°C operating 
ambient 

-40°C to +125°C non-operating 
Up to 90% with noc condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating 

TTL levels all inputs and outputs 


-1.0 to +0.7 Volts @ <2 mA 
+2.2 to +5.5 Volts @ <2 ywA 


-0.5 to +0.5 Volts @< 60 mA 
+2. 4 to 5.25 Volts @<1yA 
Each printed circuit card has the 
outline dimensions: 11.75 x 
15.40 inches, as shown: 


EDGE 
CONNECTOR 
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Weight: Each card weighs less than 
2 pounds 
Optional Items: 
-001 ECC 
-003 +15V option 
-004 Termination on board 
-005 Extender Card 
-006 Chassis with Power Supply 
-007 Self-Test Card 
-008 Custom Interface Card 
D.C. Power 


Requirements: 
*Single Memory 
Cards: +12V +5% — 1.7 Amps max. 

+5V +5% — 6.0 Amps max. 

-5V +5% — 0.08 Amps max. 

Termination Voltage: +5V +5% — 0.7 Amps max. 

*Large systems with a self-test card/optional interface card 

add 10 amps (max.) to +5V D.C. 


Interfacing and Pin Assignments 


The in-3000 series single printed circuit memory cardis 
designed to use two (2) 80-pin edge connectors with 
pins on 0.125 inch centers. All signals between the 
processor and the single printed circuit memory card 
must be carried on twisted pair transmission lines. 


STANDARD 
INTERFACE 


: TWISTED PAIR , 


PLUG +2% 
IN 
RESISTOR 
PACK 


5102 
+2% 


Memory To Processor Interface Circuitry 


intel 


in-4580 
BORAM OR RANDOM EXTENSION MEMORY SYSTEM 
CAPACITY: 1 Megaword by 60 or 64 Bits Plus 8 Error Correction Code Bits 


The Intel® in-4580 is a monolithic memory system 
capable of storing a minimum of 262K words and a 
maximum of 1 Megaword of information. The Intel® in- 
4580 can be used to extend the CPU storage or as.a 
swapping storage media for virtual operating systems. 
The system consists of a frame, power supplies, basic 
storage modules, cooling fans, interface unit and cables. 


Features: 


Free-standing unit 

1,048,576 words x 60 or 64 bits plus 8 additional 
bits of error detection/correction information 
Single channel access to storage 

Single-bit error correction and double-bit error 
detection 

Automatic error logging to tally single and double-bit 
errors for later preventive maintenance 
Field-expandable 

ECL-compatible interface 

Uses 2107B — 4K MOS Dynamic RAM Component 
Refresh — 2 milliseconds — transparent to user 
100 ns maximum sequential accesses 

600 ns maximum random accesses 

Minimum block length (16 words) 
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Product Characteristics 
Input Power 
Requirements: Voltage: 208V/230V +10% 
Frequency: 3-phase 60 Hz 
Physical Dimensions: 60 inches High 
40 inches Wide 
37 inches Deep 
Cycle Time 
(16K words): Write — 1.6 us 
Read — 1.6 us 
600 ns first transfer, 100 ns on 


subsequent transfers 


Access Time: 


Ambient 
Temperature: 0°C to 45°C Operating 
-18°C to +85°C Non-operating 
Humidity: 0 to 90% with no condensation 
Altitude: 10,000 feet operating, 30,000 


feet non-operating 


System Description 


Mechanical 

The frame incorporates two gates, a fixed gate on the 
right and swing-out gate on the left. The fixed gate onthe 
right contains the interface unit and has room for four (4) 
BSM's each containing up to 1/8 Megaword. The swing- 
out frame on the left contains four (4) BSM’s. Each gate 
has its individual cooling fans and filters. 


Storage Element 

The basic storage element is the Intel® 2107B device 
which is a 4096 bit MOS N-Channel Random Access 
Memory (RAM). This device is TTL-compatible with 200 
ns access time and acycle time of 400 ns. Sixty four (64) 
of these devices are organized on a printed circuit 
memory module in 32K x 8 organization. Either 18 or 36 
of the above modules are used to make up the Basic 
Storage Module (BSM). 
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Power Supplies 

The in-4580 memory system is built with modular power 
supplies. The power supplies receive their “raw” AC 
from a power distribution unit. 


Power Distribution Unit (PDU) 


The PDU can be operated either locally or in a remote 
power control mode. The PDU contains power 
sequencing circuitry and over and under voltage 
sensing. If any of the DC voltages deviate from the 
specified tolerances, the memory system is “powered 
down” and LED indicators display when a particular 
voltage has failed. 


Cooling Unit 

The cooling unit consists of 4 fans placed at the bottom 
of each gate. The cooling unit will force 1000 cubic feet 
per minute of computer room air through the BSM's. No 
under-floor cooling air is required. 


Interface Unit 


The custom-built interface unit contains all transmitters, 
receivers, data, address and control logic elements 
necessary to operate the memory. 


Typical Application 


SPECIAL 
INTERFACE como 


| 
| 
CDC 6000 l 
SERIES OR 
CYBER | 

| 


intel 


in-8100 


INTEL NON-VOLATILE 
RANDOM ACCESS MEMORY SYSTEM 


CAPACITY: 2048 x 16 or 4096 x 8 


The Intel® in-8100 Series is a single card memory 
designed to meet non-volatile requirements of Random 
Access Memory (RAM) Systems. The memory system 
retains the data integrity for 96 hours after the loss of 
main input power. The in-8100 Series RAM system Is 
supplied with an on-card battery — Nickel-Cadmium. 
Battery charging capability is included. Extended 
backup time can be achieved by external battery 
connection. The maximum storage capability is 4096 x 8 
words per board. A large RAM system can be configured 
with multiple cards. 
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Features: 


Single board memory 

Single +5V voltage 

Battery backup — Non-volatility 
No refresh 

Modular expandability 

TTL compatible 

Low power requirement 

Basic system available 4096 x 8 
High Reliability 

Module Select 

Field Expandability 


in-8100 


Product Characteristics 


Storage Capacity/ 
Board: 
Word Length: 


2048 x 16 or 4096 x 8 bits 
8-bits or 16-bits via 
reconfiguration jumpers 


Access/Cycle Time: 720/770 ns 
Modes of Operation: Read (NDRO) 
Write 


Interface Signals: 

Address Lines: 

Data Input/Output 
Lines: 

Input Control Lines: 


TTL Compatible 
16 lines, single-ended 


Up to 16 lines, bi-directional 
Memory Read, Memory Write, 
Inhibit, Reset (all active low) — 
Primary 

AC Low (Active High), Power 
Fail Sense Reset (Active Low) - 
Battery Backup 

Transfer Acknowledge, 
Advanced Acknowledge (Both 
Active Low) — 

Primary 

Power Fail Sense, Power Fail 
Interrupt (Both Active Low) — 
Battery Backup 

Memory Protect 

+5V +5%, 1.7A worst-case 
Operating 

Standby power for memory 
array and associated backup 
logic. Data integrity guaranteed 
for 96 hours 

0°C to 55°C operating ambient 
(NO moving air) 

-40°C to +125°C non-operating 
Up to 90% non-condensating 
Up to 10,000 feet operating 

Up to 50,000 feet non-operating 
The memory is packaged on a 
single PC board 12.00” x 6.75" 
which is designed to be 
mounted in a card cage on 0.6" 
centers 


Output Control Lines: 


Internal Control Line: 
Input Power: 


Battery Backup: 


Temperature: 


Relative Humidity: 


Altitude: 


Form Factor: 
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Memory Operation 


The memory will perform READ (NDRO) and WRITE 
operations and also support battery backup. 


Read (NDRO) 

With the Memory Read Commandline at OV, the memory 
will perform a READ operation from the selected word 
and transfer the data to the data bus. An Acknowledge 
signal will also be generated on the bus. The contents of 
the word location are not changed. 


Write 

With the Memory Write Commandline at OV, the memory 
will accept data from the data bus and perform a write 
operation into the selected word. An Acknowledge 
signal will also be generated on the bus. 


Battery Backup 

In the event that main power fails, on-board batteries 
supply power to the memory array and thus assure data 
integrity. Rechargeable 150 mA Hr Ni-Cad batteries 
are used. The batteries are mounted on the PC board In 
a small case whichis field replaceable. The batteries are 
Capable of supporting the memory array for a minimum 
of 96 hours. There is an on-board fuse protecting the on- 
board charging circuit for the batteries. There is also a 
switch which switches the batteries off and on; thereby 
disconnecting them from the load. 


Device 

The board uses the Intel® 5101 CMOS 1K RAM's to 
implement the memory array. These devices provide 
minimum power dissipation, minimum cost and 
minimum access time. 


Base Address Selection 

For 4K x 8 configuration, base address selection is on 
4K boundaries. For the 2K x 16 configuration, base 
address selection is on 2K boundaries. 


memory system 
applications 


Applications for memory systems are numerous and 
require a variety of speeds, organizations and 
features. The Intel product line is designed to meet 
these needs; and new products, incorporating the 
latest technology, are being added continuously. 


in-26A-General Purpose RAM 
Memory System 
Requirement 


CRT refresh of a 512 line by 256-bit or 256 line by 
256-bit display is required. Effective access time is 
zero nanoseconds and effective Read/Modify/Write 
cycle time is 200ns, 


Solution 

Thirty two (32) in-26A memory boards with two (2) 
address cards and one (1) control card are needed. 
Eight-way interleave of blocks of four MU's to 
achieve cycle time and a look-ahead address 
scheme which, along with the interleave, effects a 
zero nanosecond access time after the initial 800ns 
latency time. 


in-40-General Purpose RAM 

Memory System 

Requirement 

A memory system is needed which will accept a real 
time digitized signal, store consecutvie time blocks of 
this signal, and read out the time blocks at data 
rates of 10, 100, or 1000 times the input data 

rate. The process yields three modes of time 
compression of the input signal. Since the time 
compressed signal is processed by a sequential! 
framing device (much like a television system), the 
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data can be repeated on a frame-by-frame basis. 
The frame rate for this system will be 30Hz or 33.3 
milliseconds in length. The analog bandwidth Is 
10MHz which will require a minimum of 23 x 10 
words/second data rate. 


Solution 


Five (5) CU-40’s and twenty (20) MU-40’s configured 
as a 64K x 88 (90) memory is provided. The |/O and 
control boards serially shift eleven (11) 8-bit bytes for 
a parallel, 88-bit load. A number of read cycles take 
place, equal to the compression factor (10, 100, 
1000), for each write cycle with one of each eleven 
bytes of read data accumulating per read cycle, 
allowing 10 bytes to be shifted out during the write. 


in-1600-Computer Main Memory 
Requirement 


A main memory is required for a large computer 
system. Modularity, maintainability, density and high 
reliability are of primary importance; and very fast 
supplier delivery of both prototypes and production 
units is needed. Each memory has capacities from 
128K to 512K 4-byte words and it would be 
desirable to have two 512K word memories in one 
cabinet. 


Solution 

A truly up-to-date and superior solution is the in-1600 
series memory system, which is a 16K RAM version 
of the versatile 4K RAM in-40 Series. The in-1600 
uses the in-40 hardware and accessories, thus 
allowing for fast prototyping and transfer to 
production. The basic building block is a 64K x 


16/18 (128K x 8/9) memory module which, when 
used in conjunction with Control Units (CU's) and 
Buffer Units (BU’s), can be assembled into virtually 
any large capacity configuration of memory. ECC, if 
desired, is easily done on a system-level basis. 
Assuming ECC is used, each 512K word memory 
consists of twenty (20) MU-160 (128K x 8 each), 1 
CU-160 and 4 BU-160 cards. De-population of 128K 
word segments is done by removing five (5) MU-160 
cards. This results in 40-bit words, allowing for a 32- 
bit data word, seven (7) bits of ECC, plus 1 extra bit. 
Port interface control and ECC require up to seven 
(7) more cards, depending on complexity, per 
memory. The two memories are mounted in two 
standard 33-slot Unichassis, taking less than 40" of 


chassis space with fans and power supplies included. 
Intel sales personnel are prepared to discuss this and 


other approaches to organizing large memory 
systems. 


1/0 & ECC 
1CU & 4 BU’s 
UP TO 20 MU 160’s 


Lea 


A 


ll 


in-1600 — DUAL 524K x 32 PLUS ECC 
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in-3000-Minicomputer Memory 
Requirement 

A special-purpose processor, requiring 500 ns cycle 
time memory in capacities of 16K to 64K of 18-bit 
word, (with parity) with some applications needing an 
additional 64K to 256K words of memory. The 
customer is concerned with memory reliability for 
larger systems. Main memory must be partitioned on 
16K word boundaries, add-on memory at 64K words. 


Solution 

Use the in-3000 as a plug-in card for main memory, 
and a 5-1/4" chassis, complete with power supplies, 
for add-on memory. Use one through four 16K x 18 
in-3016 modules for main memory and one through 
four 64K x 18 in-3064 modules in an in-3000 HMS 
Chassis for add-on memory. For systems where 
highest reliability is desired, incorporate the in-3000 
ECC option in either or both the in-3016 and in-3064. 
Ask your Intel representative to discuss the high 
reliability of the in-3000 Series and the trade-offs 
concerning ECC. 


MAIN MEMORY 
1-4 in-3016 
(16K x 18/22) 


12.25” OR 
GREATER 


ADD-ON MEMORY (INCLUDES 
5.25” POWER 


ie 38h —_ 

(64K x 18/22) in 

in-3000 SUPPLY 
— Eee —_ 


in-477-CRT Refresh 

Requirement 

Image processing of digitally-transmitted photographs 
ona CRT screen ina 512 x 512 matrix. Thirty two 
(32) levels of gray-scale for resolution and three (3) 
bits of control are required with random updating of 
one or more bits of each pixel. Data to be transferred 
in 16-bit words. 


Solution 

Use eight (8) in-477 memory cards, each with 16K x 
16 (256K x 1) of memory and control required to take 
16-bit words and refresh eight (8) bit pixels on a 512 
x 512 CRT screen. Five (5) bits (5 in-477’s) of each 
pixel to be used for 32 levels of gray scale, the 
remaining three bits (3 in-477's) of each pixel for 
control functions. Mount the in-477 cards in an HCRT 
chassis, which has 12 slots free to do special control 
and |/O logic. The UT-477, with space 

for over 100 DIP sockets, simplifies wire-wrap of 
extra logic required. Your Intel representative can 
assist you In defining your unique CRT refresh 
application and can quote individual in-477 cards or 
fully-interfaced systems. 


16 DATA 
IN LINES 


REFRESH 
DATA STREAMS 


4 EXTRA 
SLOTS 


» HCRT* 


1 IN-CPS 
; CHASSIS 


in-65-Disc Replacement Memory 


Requirement 

A replacement for a fixed-head per track disc 
memory is required to improve system reliability and 
maintainability and drastically reduce latency time. 
The disc being replaced has a capacity of 5 
megabytes, but many applications are less than 5 
megabytes. 


Solution 

Use a modular in-65 system that has a maximum 
capacity of 5 megabytes, but can be de-populated in 
1 megabyte increments. Organization of the MU-65 
(128K x 8/9) permits efficient incorporation of ECC if 
each megabyte is organized as 128K x 64 data bits 
(8 bytes), plus 8-bits of ECC. The first megabyte of 
storage, |/O and ECC are located in one in-65 
Megachassis™, with additional memory added in 
either one or two megabyte chassis. Interface can be 
16, 32 or 64 data bits wide. The Intel representative 
in your area can assist you in defining a solid-state 
disc replacement for your application. 


3 1/0 & ECC 
CARDS 


1 CU-65 AND 
4 BU-65 CARDS 
8 MU-65 CARDS 


FAN ASSEMBLY 


POWER SUPPLY 


1 MEGABYTE 
17.5" “AND ECC 


8 OR 16 
MU-65 
CARDS 


1 OR 2 MEGABYTE(S) 


8 OR 16 
MU-65 
CARDS 


in-65 — 128K x 64 THROUGH 640K x 64 PLUS ECC 


in-458-BORAM Extension Memory 


Requirement 

A customer with a large computer system must add 
additional extension memory to an existing add-on 
core memory system. Since very fast data transfer is 
required, a 64-bit data word every 100ns, a Block- 
Oriented Random Access Memory (BORAM) mode of 
operation is acceptable. 


Solution 

Memory in 1024K (1 million) word segments per 
cabinet is supplied with the in-458 BORAM or RAM 
system. Since the data transfer rate requirement is so 
high, the memory is best used in the BORAM mode 
and organized as 64K x 1024-bits (16 words of 64- 
bits each), plus 128 ECC bits (16 ECC words of 8- 
bits each) for a total of 1152-bits per data transfer. 
Even taking refresh into consideration, since a 
dynamic memory device is used, a data transfer rate 
of 100ns or faster per word is accomplished. 
Dynamic MOS memory results in the most cost- 
effective and lowest power consumption solution. The 
memory consists of 8 BSM’s (Basic Storage Modules) 
of 64K x 144-bits each mounted into an easily- 
maintainable computer-type cabinet. All power 
Supplies, interface and cooling is self-contained with 
the memory. If your application is for a lot of 
expansion memory, contact your local Intel 
representative. 
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in-8100-Process Control Memory 


Requirement 

A manufacturer of process control equipment needs 
to locate relatively small amounts of 16-bit memory 
distributed throughout a plant, and since operational 
integrity is essential, localized battery backup is a 
necessity. 


Solution 

Using the 2K x 16 in-8100 CMOS memory card, 
easy-to-use static memory can be placed wherever 
storage Capacity is required. Each in-8100 card has 
its own rechargeable battery backup system mounted 
directly with the memory. Data is retained up to 96 
hours with the self-contained battery, with additional 
Capacity easily added remotely. Ask your local Intel 
sales representative how to solve your memory 
problems. 


Conclusion 


These are only eight memory applications that fit 
existing Intel Memory Systems’ capability. Our 
experience is a historical encyclopedia of 
semiconductor memory technology and accomplish- 
ments. We are writing today’s chapter — and your 
application should be part of it. 


memory system 
accessories 


Memory Cabinets 

The in-Series Memory Cards are available as 
individual units or as complete systems. Intel features 
a number of memory cabinets that can accomodate 
a variety of memory capacities. The in-CAB Series of 
cabinets are designed to allow customers maximum 
freedom in specifying memory configurations. These 
cabinets contain power supplies, cooling fans and 
interface connections. The in-CAB is a standard 
RETMA 19” rail configuration, including lockable 
casters, convenience outlets and intra-cabinet 
cabling. Heights available up to 7 feet. 


in-BA Blower Assembly 


Standard 5-1/4"H x 19"W x 13”D rack-mountable six- 
fan blower assembly for use with all in-Series 
Memory Systems. 


MT-10 Memory Tester 


A fult five-pattern memory tester for maintenance, 
trouble-shooting, incoming tests, etc. For use with in- 
40/42/44 Series Memory Systems. 


UT-10 Utility Socket Board 


A standard sized board with room for approximately 
100 14 or 16 pin sockets for use in assembling 
custom interfaces to use with in-40/42/44, in-65, in- 
477. Specify UT-80 for in-40/42/44 or other memory 
systems requiring a mix of sockets with from 14 to 40 
pins. 


EX-10 Extender Boards 


Permits trouble-shooting and maintenance to be 
performed on individual cards. 


EX-10 for all 8”"x10" cards 
EX-50 for all 6"x8" cards 
EX-65 for in-65 cards 
EX-477 for in-477 cards 


Unichassis Backplane Interface Connector 
Provides fast, reliable interconnection to the in-Series 
memory system via the backplane wire-wrap pins. 
(Interfaces to 100 pin-connector) 


PCB Mating Connector 
100-pin mating connector for use with the following 


standard Intel memory boards — in-26A, in-40, in- 
477, in-481. 


6-23 


Chassis 

The in-Series Memory Systems are designed in 
modular form for ease of conversion into a variety of 
sizes and configurations. These standard chassis 
were designed to accommodate specific customer 
applications. These are described below. Your local 
Intel sales representative can help you with your 
particular application. 


Power Supplies 

The in-Series Memory Systems are designed in 
modular form allowing conversion into a variety of 
sizes and configurations. To accomodate these 
various memory sizes, Intel has designed standard 
power supply modules for use in configuring these 
systems. Contact your local Intel Memory Systems 
representative for the one that fits your particular 
application. 


The in-MINICHASSIS memory chassis is designed to 
accommodate up to 8 memory cards. The memory 
cards are mounted horizontally with room for a 
control card and 1 UT-10/40 interface card. This 
Minichassis is 7” high and includes power supplies 
and cooling fans. It is mounted on slides for ease of 
movement in and out. All connections are made from 
the rear of the unit and it can be mounted in a 19” 
relay rack. Front panel includes a circuit breaker and 
power indicator lights. This unit features the use of a 
PC backplane for all power and ground connections. 


in-MPS Power Supply 


The minichassis power supply provides the opti- 
mum solution for all in-40/42/44 and in-1600/1620 
systems having capacities shown in the charts 
below. The MPS is included in the minichassis. 


A +5V only version of the in-MPS is included for all 
minichassis versions of the in-26A. 


in-26 WORDS 
4K 8K 16K 32K 40K 


in40 WORDS 
16K 32K 64K 128K 256K 


The in-UNICHASSIS memory chassis is designed to 
accommodate up to 33 memory and control cards for 
mounting in a 19” relay rack. This chassis features 
the use of a full PC backplane with internal power 
and ground. The chassis can be wired for a number 
of memory sizes and configurations, and also be 
used in multiples for even larger memory 
configurations. It is 10.5” high, 12” deep and can be 
used with the in-Series cabinets. Use the in-SPS or 
in-LPS series of power supplies. 


in-SPS Power Supply 


For in-26A memory systems only +5V is required. 
The in-SPS power supply is used for memory 
Capacities above the minichassis. 


RETMA dimensions: 7”H x 19”W x 21”D 


Model 
in-SPS-1 
in-SPS-2 
in-SPS-3 
in-SPS-4 
in-SPS-5 
in-SPS-6 
in-SPS-7 

* in-SPS-8 


in-26 
WORDS 


4K 8K 16K 32K 64K 


BITS 


*in-SPS-8 Requires 19’’ Drawer. 


in-LPS Power Supply 


For in-40/42/44 and in-1600/1620 memory systems 
above the capacity of the minichassis, use the in- 
LPS. 


RETMA dimensions: 7"”H x 19”W x 21”D 


Model wis. WORDS 
in-LPS-1 1 
in-LPS-2 1 
in-LPS-3 1 
inLPS4 1 of 
in-LPS-5 2 ao 
in-LPS6 2 
in-LPS-7 2 


The in-JUMBOCHASSIS is designed for memory 
systems that may be mounted in a 24” cabinet. With 
integral power supplies and fan assemblies, it 
measures only 14”H x 24”"W x 24"D. Thirty three (33) 
card slots are available to house thousands of 
combinations of standard-sized Intel memory cards. 
For example, a 512K x 8 or 1024K x 9 in-40 system 
can be housed with seven I/O slots left over for 
address and buffers or for other custom logic. 
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The in-MEGACHASSIS™ will accomodate one or two 
each 11-slot PC backplanes. Each backplane will 
handle up to 8 MU-65's, 2 CU-65's and/or BU-65’s, 
plus one |/O slot for a UT-65 (socket card). Power 
supplies and cooling fans are not included in this 
chassis. Dimensions are 17.5"H x 19”"W x 14"D. Use 
the in-GPS series of power supplies. 


in-GPS Power Supply 


For the in-65 Megachassis™, use the in-GPS Series 
of power supplies. 


RETMA dimensions: 7"H x 19”W x 21”D 


MU-65 Power Supply 
Oty. Model Drawers 
1-8 in-GPS-1 2 
9-16 in-GPS-2 2 


Note: Consult factory for confirmation of in-GPS power. 


The in-HCRT is a 12-slot chassis, including cooling 
fans, used for a combination of in-477 CRT Refresh 
Memories and custom control interface cards 
mounted horizontally. A UT-477 is available for 
custom logic. Dimensions of the in-HCRT are 10.5"H 
x 19"W x 19"D. Use the in-CPS series of power 
Supplies. 


The in-VCRT is similar to the in-HCRT Horizontal 
Chassis, except in-477 boards are mounted vertically. 
Up to 24 in-477 boards can be mounted in the in- 
VCRT. The UT-477 can also be used for custom 
logic. Power supplies and cooling fans are not 
included. Dimensions of the in-VCRT are 17.5"H x 
19"W x 19"D. Use the in-CPS Series of power 
supplies, and the in-BA Blower Assembly. 


in-CPS Power Supply 


For the two new chassis for the in-477 CRT Refresh 
memory board, the in-CPS provides the best power 
supply solutions. The horizontal mount (in-HCRT) 
has space for up to 12 in-477 boards and the vertical 
mount (in-VCRT) has space for up to 24. 


in-477 Power Supply 
Oty. Model Drawers 
1-4 in-CPS-1 1 
5-8 in-CPS-2 1 

9-16 in-CPS-3 1 

17-24 in-CPS-4 1 


Note: Specify if power is to be other than 110VAC, 50/60 Hz. 


Megachassis 
(in-65 Boards Only) 
Board Allocation Guide 


CHASSIS WITH ONE BACKPLANE 


MOE 126 iB eee oe hoe 5 


CHASSIS WITH TWO BACKPLANES 


S204 9s. 55 £2 23 


MU 


Minichassis/Unichassis* 
(For in-26A in-40/42/44 and in-1600/1620 Boards) 


Board Allocation Guide 
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MINICHASSIS 
UNICHASSIS 


MU CAPACITY 


16K X 9 (use 8K X 18) 
16K X 8 (use 8K X 16) 


E 
F 


16K X 12 


C= 


16K X 18 


A 
B 


16K X 10 


D= 


16K X 16 


*For in-1600/1620 multiply word capacity shown by a factor of four (4) for chassis capacity. 
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Custom 
memory systems 


Since 1971 well over 100 different memory Presently, we have design knowledge and 
modules have been designed, many of these experience in each of the following Intel memory 
designed exactly to the specifications of custom types, plus all of the latest driver and other 
requirements. Devices ranging from 256-bit to support devices. Of particular note is our unique 
16K bit RAM’s, numerous shift register and 16K experience designing with the 2104A/2108/ 
CCD'’s have been used, as required, in best 2116 inter-compatibility line of dynamic 4K, 8K 
meeting the specific needs of our Customers. and 16K devices. 

Devices 


22 
16 
16 
16 


2115/2125 
2102A 
2114 

5101 


“New Devices Added When Available. 
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ADD-ON/ADD-IN MEMORIES 


INTRODUCTION 


Intel Memory Systems provides a number of memories for popular computers. To best fit specific 
applications, both add-in and add-on memory systems are available. Because Intel is the largest inde- 
pendent manufacturer of semiconductor memory, we provide low cost and fast delivery. 


TABLE OF CONTENTS 


in-400 
in-48 1 
in-1611 
in-1670 
in-4011 
in-4711 


Honeywell/GE 400 Add-On ....... cc ccc eee eee eee e een aes 7-3 
IntellecC® Development System Add-In ........ 00. c cece ee eee eee eee e ene ees 7-5 
DEC LSI-II/PDP-11/03 Add-In ........ 02.0 ewe cece wee eer eee e sent eenanees 7-7 
DEC PD Pa 1 1.70: O iia i606 fore cann Gexeceend eit aca Sab ee ew he eee hh Ss le ew Be 7-9 
DEC PD Pe WAG -Om: «wii de teciierecaddtaid acecucrute acum Seem wkarace em @ daa Renee ee 7-11 
DEGIPDPA lV AGG-OU Sarde cte eco et Ae be er ee a ea eta 7-13 
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intel’ 
in-400 


INTEL ADD-ON MEMORY SYSTEM FOR THE 
HONEYWELL/GE 400 COMPUTER SYSTEM 
CAPACITY: 32K to 128K Words Per System 


The Intel® in-400 Semiconductor Memory System is 
designed to upgrade or replace the present core 
memory technology used in the Honeywell/ General 
Electric GE-400 Computer. A single processor system 
(in-400SP) is available and a dual processor system (in- 
400DP) is planned. The system includes error detection, 
correction and logging circuits which enhance the 
system reliability. The Intel standard in-42 Series 
Memory boards are used as the basic memory modules 
in the in-400 Memory System. 


Features: 

e Single Bit Error Correction 

e Double Bit Error Detection 

e Error Correction Inhibit 

e Error Log Feature (stores first bit on each 
memory device) 

e Error Log Interrogation does not interrupt 
system Operation 
Manual Control of Error Log 

e Operationally Compatible with standard 
GE/HONEYWELL 400 memory interface 

e 128K x 25 with power and cooling mounts easily in 
single GE/HONEYWELL door 

e Less than 4.0 Amps at 115V 
Fully simulates core operation 


READ DATA (25 BITS) WRITE DATA 


WRITE DATA 
(25 BITS) 


READ DATA 
(BITS 31) 


ADDRESS 


READ DATA 
(BITS 31) 


CONTROL 
SIGNALS 


ADDRESS 


MU-40s 
(UP TO 8) 


MU-40s 
(UP TO 8) 


INTERFACE 
CARD 


RESPONSE 
SIGNALS 


WRITE] CONTROL | ADDRESS 


WRITE] CONTROL | ADDRESS 


CONTROL 


CU-40 
ADDRESS 


WRITE DATA 
(BITS 31) 


RESPONSE SIGNAL 


SYSTEM BLOCK DIAGRAM 
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in-400 


nnn nnn cea dada dna Enna 


Product Characteristics 


Capacity: 32K words to 128K words 

Word Length: 24 data bits, 1 parity bit and 

6 ECC bits 

Notes: 

1. ECC bits are transparent to 
the user. 

2. The 24 data and 1 parity bit 
are treated as one 25-bit data 
word by the ECC circuits 

Compatible with GE-400 

computer. 

(Note: Combination of faster 

memory and asynchronous 

interface increases computer 

throughput 10 to 15%) 

Functionally compatible with the 

GE-400 computer, but requires 

different mating connectors 

500 watts for 128K words. This 

compares to 8,000 watts for the 

equivalent 128K of core memory. 

3 cubic feet for 128K words. 

This compares to 200 cubic feet 

for an equivalent 128K of 

core memory 


Speed: 


Interface: 


Power: 


Size: 


Weight: 100 pounds for 128K words. 
This compares to 2600 pounds 
for 128K of core memory 

Floor Space: None required if mounted in the 


host processor. 

The system utilizes the Intel 
standard in-40 series board set. 
A 128K word system utilizes the 
following card types: 


Configuration: 


1. MU-40 16 each 
2. CU-40 1 each 
3. BU-40 1 each 
4. ECC and error 

logger card 1 each 
5. |/O card 1 each 


Error Correction Code (ECC) 


By incorporating error detection and correction, the in- 
400 provides significant improvements in system 
reliability. The ECC provides single-bit correct and 
double-bit detect capability. All single-bit errors are 
transparent to the user. Error information is stored in a 
static RAM included in the error logger card. During 
preventive maintenance periods, this information can be 
manually displayed and decoded to point to a specific 
failed memory component. The net result of the ECC is 
an improvement in system reliability (MTBF) of 15 to 100 
times. 


Dual Port Option 


The dual-processor system will incorporate dual-port 
logic which will accomplish the following basic tasks: 


1. Establish priority in the event both ports attempt to 
access the same 16K address boundaries. Since this 
is a dynamic memory, refresh will be given the first of 
three priorities. 

2. Allows both ports to cycle the memory simultane- 
ously within different 16K boundaries. 

3. Steer data and control signals allowing either port 
access to any 16K module. 


In 


in-481 


INTEL ADD-IN MEMORY MODULE FOR INTEL’ 8008 AND 
8080 BASED MICROCOMPUTER SYSTEMS 
CAPACITY: 16K x 8 Per Module 


The in-481 is a 16K x 8 Random Access Memory that 
utilizes the Intel® 2107B 4K Dynamic RAM Component. 
The memory and all refresh and control circuitry are on 
one PC board. The in-481 is expandable to a maximum 
of 64K x 8 by the use of four memory cards. The in-481 
card is designed to interface directly with the Intel® 
IMM8-82 and the IMM8-83 CPU cards. Since the 
characteristics of these two cards are governed by 
either the 8008 or the 8080 microprocessors, it is also 
possible to use the in-481 with any CPU using these 
devices. The physical size of the in-481 is the same as 
the IMM Series. The address, data !/O, and power pin- 
outs are the same as the Intel IMM6-28, 4K x 8 Memory. 


Features: 

@ IMM8-82 and IMM8-83 
Compatible 

e Automatic Refresh 

e Modular Expandability 

e Module Interchangeability 

e High Density 

e Board Select 

e On Board 4K Address 
Select 

e On Board 4K Enable/ 
Disable 

e Input and output Data 
Registers 


e Low Standby Power 


Interface Connector Pin Assignments 


GND 
GND GND 

WAIT ACK WAIT ACK 
Tl CLK B 
DMA READ DMA READ 
PWR RESET PWR RESET 
*WE *WE 

NC 2 

MAD 0 MAD 0 
MAD 1 MAD 1 
MAD 2 MAD 2 
MAD 3 MAD 3 
MAD 4 MAD 4 +412V 
MAD 5 MAD 5 +12V 
MAD 6 MAD 6 

MAD 7 MAD 7 

MAD 8 MAD 8 

MAD 9 MAD 9 

WAIT REG WAIT REG 


HOLD ACK 


MDI 0 


MA 

THE ENABLE. 

=< REFRESH 

WT ERS ett rin an Ty 
CONTROL 


BMA READ ENABLE 


MA 14 


DO9-D07 | REGISTER a 


CHIP ENABLE 
AND CONTROL 
TIMING 


aaa pea 7] READ IRITE 
TIMING 


MODULE 
/, ES | 


MEMORY REFRESH ROW 
STATUS ADDRESS 


DRIVERS COUNTER 


HALT ACK 
SYS ENC SYNCA 
ADD ENA 

ADD ENB 

-9V 

—9V 

DMA READ ENABLE 
HOLD ACK 


+12V 
+12V 


MAD 13 
MAD 12 


MAD 15 

MAD 14 

MEM READ CYC 
MA 15 


HALT ACK 
DMA 62 DISABLE 


*Status signals from in-481. 


in-481 


Product Characteristics 


Capacity: 16K x 8 expandable to 64K x 8 
by use of four memory cards 
Cycle Time: 
in-481 1100 nanoseconds 
in-481-1 600 nanoseconds 
Access Time: . 
in-481 650 nanoseconds 
in-481 -1 450 nanoseconds 
Power: 
+5V 1.0A 
+12V 0.25A 
* -OV 30 mA 


*(-9V is zenered to -5V; optional -5VDC at 5 mA) 
Operational Modes: Read (NDRO) 
Write 


Dimensions: 8.00 inches High 

6.18 inches Deep 

0.5 inch mounting centers 
Temperature: 0°C to +50°C operating 


ambient 

-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating 


Relative Humidity: 
Altitude: 


Connector Type: 


Amp 1-67878-0 
Winchester HW50D0111 
Viking 3VH50/ICN5 
Sylvania 7900-0281-X 
*Applications 
8008 
When using the in-481 in an 8008 or 8008-1 


microprocessor based system, the access and cycle 
times are such that WAIT states need not be entered. All 
refresh, write and read cycle requests are synchronized 
to specific CPU states and requests. This means that the 
in-481 is totally transparent to the CPU. 


During normal CPU operation all refreshing is done 
during the T; state of the 8008; during a HALT or HOLD 
state the memory refresh is synchronized to the $4 
clock and occurs every 7.5 psec. It should be noted that 
a power-up reset circuit initializes all control circuitry on 
the in-481. 
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8080 


When using the in-481 in an 8080A microprocessor 
based system, the memory components used are faster 
in both cycle and access times in order to minimize the 
total number of WAIT cycle requests. All refresh, read 
and write cycle requests are again synchronized to 
specific CPU states or requests. Because of the 2.0 
usec Instruction cycle time of the 8080, a single WAIT 
state or a possible double WAIT state is required during 
memory refresh. A memory refresh is initiated once 
every 31 usec and itis synchronized to the positive edge 
of SYNC during the T; state. Normally a single WAIT 
state between T2 and 713 states is required if the memory 
is in the process of performing a read operation. If, 
however, a write cycle had been initiated during T3 of the 
previous subcycle a double WAIT state is requested by 
the in-481. During the HOLD and HALT states, the 
refresh requests are synchronized to the ¢; clock and 
they occur with a period of 25 psec. It should be noted 
again that the power-up reset circuit initializes all control 
Circuitry. 


DMA 


A DMA option is made possible in both 8008 and 8080 
systems by means of the HOLD features. The HOLD 
ACK signal in both the IMM8-82 and IMM8-83 frees the 
control lines of the in-481 and the in-481-1. This signal is 
also used by the in-481 to disable the MEM READ 
CYCLE control input thereby enabling DMA control of 
the memory. Since refresh is synchronized to the $4 
clock, and since additional state lines are brought out 
from the in-481, an access control circuit can be 
implemented to perform DMA. After completion of DMA, 
the HOLD and WAIT requests to the CPU card are 
disabled, and memory operation proceeds as normal. 


“While the in-481 and in-481-1 are designed to work with the 
IMM8-82 and IMM8-83, they are not intended for use in the 
INTELLEC® 8/MOD8 or INTELLEC® 8/MOD80 since the 
Current requirements of the in-481 and in-481-1 exceed the 60 
mA capacity of the INTELLEC® +12V power supply. 


intel 
in-1611 


INTEL ADD-IN MEMORY SYSTEM FOR THE 
DEC LSI-11 AND PDP-11/03 MINICOMPUTER FAMILY 
CAPACITY: 8K, 16K, or 24K Words Per Card 


The Intel® in-1611 MOS Dynamic RAM Semiconductor 
Memory Card has capacity of 8K, 16K, or 24K words 
with 16 bits /word. The card is compatible with the DEC® 
LSI-11 and PDP-11/03 microcomputers. 


Features: 


Double Connector Width (i.e., “2-wide” card) 
Requires only one backplane position 
Highest density available 

Address selection 

Low power requirement 

Totally compatible with LSI-11 hardware and 
software 


General 

The Intel® in-1611 is designed for use in the LSI-11 
(PDP-11/03) microcomputer. The system is compatible Power Interface 
with the LSI-11 bus and consists of a single ‘‘2-wide’’ PC 
card. This saves valuable chassis positions since the in- 
1611 is one half the size of the standard ‘“quad-wide”’ 
Card. 


+5V Voc BA2 
The memory card has a capacity of 8K, 16K or 24K 16- aad 
bit words. An on-card DIP switch allows the card to be 
positioned on any 4K boundary. Any 4K block within the DD 

card’s address space can be disabled allowing the card 
to work in conjunction with a PROM/ROM memory 


board. 


Interface Pin Assignments 


+5 (Vcc) 


+5 (Vcc) 


GND GND 
+12 (VoD) +12 (Vpp) 
BDOUT L (write sync) BDAL 2L 
BRPLY L (slave reply) BDAL 3L 
BDIN L (Read sync) BDAL 4L 
BSYNC L (adr sync) BDAL 5L 
BWTBT L (byte select) BDAL 6L 
BDAL 7 L 
BIAK1 L GND BDAL 8L 
BIAKO L BDAL 9L 
BDAL 10 L 
BDMG1 L BREF L (Refresh Control) BDAL 11L 
BDMGO L BDAL 12L 
GND BDAL 13L 
BDAL OL BDAL 14L 


BDAL 1L BDAL 15 L 


in-1611 


Product Characteristics 


Storage Capacity: 
Word Length: 


Read Access Time: 
Write Access Time: 


Cycle Time: 
Retention Time: 


Modes of Operation: 


Input/Output: 
Data Input: 
Data Output: 
Input Controls: 


Address Input: 


Output Controls: 
Temperature: 


Relative Humidity: 
Altitude: 


Input Power: 
Power Dissipation: 


Weight: 
Dimensions: 


8K, 16K or 24K per card 
16-bits per memory card 

400 nanoseconds 

200 nanoseconds 

Compatible with LSI-11 bus 
2ms 

Read Word 

Write Word 

Write Byte 

Read (word) modify write 

(byte or word) 

TTL compatible 

16 lines (Single-ended) 

16 lines (Single-ended) 

5 lines, BDIN L, BSYNC L, 
BWTBT L, BDOUT L, BREF L 
(Single-ended) 

16 lines, binary, (Single-ended) 
multiplexed with data bus 

1 line, BRPLY L 

0°C to 50°C operating ambient, 
40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating. 
+5.0V +5% at 1.0 Amps 

+12V +5% at 0.6 Amps 

12.2 Operating 

6.8 Standby 

1 Ib. 

Each card requires an LSI-11 
“2-wide” slot and a depth 

O38 75.5 


as 5.187" a 


Memory Operation 

The memory card is capable of operating in the following 
modes: Read (Non-Destructive), Write, and Read Modify 
Write. 


Read 


A Read Cycle is begun when the DBIN signal is 
asserted. The contents of the memory location will not 
be altered. 


Write 


A write cycle is begun when the DBOUT signal is 
asserted. If it is to be a byte write only the BWTBT signal 
is asserted during DBOUT. The upper byte is specified 
when AO = 1, the lower when AO = 0. 


Read Modify Write 


A read modify write cycle occurs when the processor 
following a read cycle but before BSYNC is cleared, 
asserts BDOUT. Upper or lower bytes for byte writes are 
specified by AO as in a write cycle (see above). 


Refresh 

Since data is stored in dynamic memory devices (2116, 
2108) it must be periodically refreshed. This refresh is 
performed automatically every 1.6 milliseconds by 
micro-code on the microcomputer module. 


Input Requirements 

Address, Data Inputs: The address and data signals 
are time multiplexed ona single 
16 line bus 

5 lines, (Single-ended) BDIN L, 
BSYNC L, BDOUT L, BREF L 
Low = -1.0 to +0.7V @2 mA 
High = +2.5 to +5.5 @100 uA 


Input Controls: 


Input Logic Levels: 


Output Specifications 


Data Output: 16 lines (Single-ended), time 
multiplexed with address 

1 line (Single-ended), BRPLY L 
Low = -0.5 to +0.7V @2mA 
High = Open Collector 


Output Controls: 
Output Logic Levels: 


Power Requirements, Maximum 


in-1670 
INTEL ADD-ON MEMORY SYSTEM FOR THE 
DEC PDP-11/70 COMPUTER SYSTEM 
CAPACITY: 128 Bytes to 1024 Bytes Per Memory Module 


The Intel® in-1670 is a monolithic memory system for 


the DEC PDP-11/70. All components are engineered to 


meet or exceed the specifications of similar DEC 
components. The Intel® in-1670 is used in the PDP- 
11/70 computer systems. It is a direct replacement for 
the memory module (MJ-11) supplied by DEC. The in- 
1670 uses the identical interface signals (control, 
address, data) and cables as the DEC memory module. 
The only power required is 115V AC or 230V AC. 


The in-1670 is fully hardware and software compatible 
with the DEC CPU and provides for upgrades from 128K 
bytes to 4 megabytes of total storage. The in-1670 is 
installed in the CPU memory cabinet. 


No software changes are necessary to the operating 
system or application program. No changes are made to 
the CPU and no modifications are required to the 
memory bus or !/O structure. 


A fully expanded in-1670 memory module contains 
1024K bytes. Each memory module may be interleaved 
with any other memory module of equal capacity. 


The unit is easily field upgradable to larger capacities by 
the simple addition of the memory cards or a memory 
rack containing cards. Since one memory rack contains 
four times the memory in the same space required by 
PDP-11/70 memory, the in-1670 eliminates the bus 
cable length limitations and allows the user access to 
the full 3,932,160 byte address space. 


Features: 

e Starting address of memory module is selected by 
setting of DIP switches 

e Two-way interleaving between identical size memory 
modules 

e Each memory module contains its own power supply 
and cooling 

e Higher memory density of the in-1670 over the DEC 
memory module reduces cabinet space and power 
requirements 

e Compatible with computer manufacturer supplied 
memory management unit 

e PDP-11/70 memory may be incremented to 4 
megabytes using in-1670 memory modules 

e Single bit error correction and double bit error 
detection 

e Compatible cycle times to DEC memory 

e User access to the full PDP-11/70 address space at 
3,932,160 bytes 


The in-1670 memory system consists of MOS 
semiconductor memory modules that are byte address- 
able and expandable in 128K byte increments. 


During data transfer each byte has one parity bit 
associated with it. Data is stored with additional error 
correction check bits which will detect and correct 
single bit errors and detect double bit errors. 
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UNIBUS 
PERIPHERALS 


CENTRAL 
PROCESSING 
UNIT 


UNIBUS 
MAP 
CACHE 
MEMORY 


— DATA PATHS ARE EITHER 

| 2 BYTES WIDE ——— PARITY 
OR 

) 4 BYTES WIDE === PARITY 


| 2BYTES WIDE —— NO PARITY 


in-1670 
MEMORY 


SYSTEM BLOCK DIAGRAM 


in-1670 


Product Characteristics 
Storage Capacity: 128K, 256K, 512K and 1024K bytes 
Word Length: 32-bits (4 bytes) per memory word 
plus 8-bits of parity check 
Average Cycle 790 nanoseconds 
Time: 
Access Time: 
(Data Ready) 
Partial Write Time: 950 nanoseconds 
(1 or 2 bytes) 
Mode of Operation: Write Read 
Partial Write (1 or 2 bytes) 
Input/Output: TTL Compatible 
Address Input: 23 lines, binary, (Single-ended) 


585 nanoseconds 


Data Input: Up to 36 lines, bi-directional 
Data Output: Up to 36 lines, bi-directional 
Temperature: 0°C to +50°C operating ambient 


-40°C to +85°C non-operating 
Relative Humidity: 10% to 90% with no condensation 
Altitude: 0 to 10,000 feet operating. Up to 
50,000 feet non-operating 
95V AC to 135V AC or 180V AC 
to 260V AC at 45 to 63 Hz single 
phase, 690VA (max per memory 
module) 
Each memory module is 17.12”W x 
10.50"H x 25.00"D 
< 70 pounds 


Input Power: 


Dimensions: 


Weight: 


Memory Operation 

The memory module is capable of operating in the 
following modes: Read (Non-Destructive), Write, and 
Partial Write (1 or 2 bytes). | 


Read 

Read cycles are determined by the status of MAIN C 
control lines. With both control lines high, ( the data 
stored previously at the address specified by the 
address inputs will be transferred to the output bus. 


Write and Partial Write 

Write cycles are determined by the status of the MAIN C 
control lines. With the C1 control line low, the data on 
the input bus will be written into the address specified by 
the address inputs. One, two or four bytes (8 data bits) 
may be written into the memory word without disturbing 
the adjacent data bytes. A partial write is the writing of 
one or two bytes. 


Refresh 


Since data is stored in dynamic memory devices, it must 
be periodically refreshed. This is accomplished 
automatically by the in-1670 system and is transparent 
to PDP-11/70. 


Error Correction Code (ECC) 


The Intel® in-1670 memory system includes Error 
Correction Coding (ECC) as a standard feature. The 
ECC logic detects single bit memory errors and 
automatically corrects a single bit failure during a READ 
operation. Since most memory errors are due to single 


bit failures, ECC provides a 10 to 25 times improvement 
in_ memory system reliability over systems with parity 
checking only. A double bit error in the READ word will 
not be corrected. For double bit errors, parity bits sent 
to the CPU will be forced to the error state. This allows 
the CPU to process double bit errors as a parity error. An 
error log records the bit location of single bit errors in 2K 
memory segments. The address location of any double 
or multiple bit error is recorded in a 32 position error log 
register. This system is used to diagnose and correct 
potential failures during preventive maintenance. 


Maintainability Features 


The in-1670 memory system provides convenient 
controls, reconfiguration switches, and status indicator 
as standard maintainability features. 


The following controls are located on the rear panel of 
the memory module: 

e AC circuit breaker. 

e Three power supply output voltage adjustments. 
The following controls are located on the control card or 
error logger card: 

e Address select switches to set the starting address for 
the memory bank. 

Memory on-line/off-line switch to disconnect the in- 
1670 from the PDP-11/70 memory bus. 

Reset logic switch. 

Error logger on/off switch. 

Lamp test. 

ECC on/off switch. 

Error logger scan switch. 


The following indicators are provided on the control card 
or error logger card: 

e Address parity error indicator. 

e Mismatch error indicator. 

e Write data parity error indicator. 

e Address display. 

e Syndrome bits display. 

@ 

e 


Single bit mode or double bit mode indicator. 
On-line /off-line mode indicator. 


Installation Requirements 

e All cables and connectors supplied by Intel. 

e 1 DEC Memory Cabinet (21"W x 30"D x 72H). 

e 1 in-1670 Memory Module. 

Notes: 

1. Installation can be done by the customer or purchased from Intel. 
2. Maintenance contracts are available from Intel. 


CPU CABINET MEMORY CABINET 


INTEL 
1024K BYTES MAX. 


EXPANSION 


INTEL 
1024K BYTES MAX. 


INTEL 
1024K BYTES MAX. 


11/70 CPU 
DEC 128K BYTES 


RESIDENT MEMORY 
256K BYTES MAX. 


D = 30 eS a 


intel 
in-4011 


INTEL ADD-ON MEMORY SYSTEM FOR THE 


DEC PDP-11 MINICOMPUTER FAMILY 
CAPACITY: 32K to 128K Words Per 7” High Chassis 


The Intel® in-4011 semiconductor memory system for Paaturas: 
the PDP-11 is configured from standard memory cards ure: 
designed around a 4096 x 1 NMOS Dynamic RAM. Each e Low Cost Memory 


memory card provides storage for 16K words at PDP-11 e High Reliability 
main memory. The in-4011 can be configured with up to e High Density _ 
eight memory cards for a total capacity of 128K words. e Total Hardware and Software Compatibility 


e Integral Parity Registers 
e Field Proven 
e Field Expandable Up to 128K x 18 


The in-4011 is totally hardware and software compatible 
with the PDP-11 system. No hardware modifications to 
the computer system, no wiring changes to the in-4011, 
and no equipment not already a part of the standard in- 
4011 system are required to install and operate the 
memory system with the PDP-11 computer. fore 


The in-4011 system includes parity generation and 
checking. Control signals include parity error detect and 
DC voltage low detect. The interface card and cable are 
Unibus-compatible. 


The in-4011 memory card is a field-proven memory 
design with 3,000 installed memory modules. The 
system features 100% burn-in of all memory cards. This 
field-proven design, complete system test and burn-in, 
and the extended warranty on all systems, assure each 
in-4011 user of a successful and reliable PDP-11 


memory system. 
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in-4011 


Product Characteristics 


Storage Capacity: 32,/68 words, expandable to 
128K words in 16K increments 


Word Length: 16-bits per memory word 
Check Bits: 2 parity bits per memory word 
Cycle Time: 650 nanoseconds 
Access Time: 500 nanoseconds 
Modes of Operation: WRITE 
READ 
Input/Output: TTL Compatible 
Address Input: 18 lines, binary, (Single-ended) 


Data Input/Output: 16 lines, bi-directional 
(Single-ended) 
Input Controls: 3 lines, (Single-ended) 


Output Controls: 
Temperature: 


Relative Humidity: 
Altitude: 


Interface: 


Dimensions: 


Weight: 


1 line, (Single-ended) 
O°C +50°C operating ambient, 
-40°C to +125°C non-operating 
Up to 90% with no condensation 
0 to 10,000 feet operating. Up to 
50,000 feet non-operating 
TTL levels all inputs and outputs 
(“UNIBUS” compatible with 1 
bus load) 

7.0 inches High 
19.0 inches Wide 
17.0 inches Deep 
Less than 70 Ibs. 


intel 


in-4711 
INTEL ADD-IN MEMORY SYSTEM FOR THE 
DEC PDP-11 MINICOMPUTER FAMILY 
CAPACITY: 8K or 16K Words Per Card 


The Intel® in-4711 is a 16K x 16-bit add-in replacement 
memory designed for use in all models of the DEC PDP- 
11 computer family. The in-4711 is both hardware and 
software compatible with the PDP-11 system. No 
modifications are required for installation. It utilizes the 
Intel® 2107B 4K dynamic RAM component. The 16K 
word memory with optional parity bits and control 
Circuitry are contained on a single PC card. 


Features: 


e Low Cost Memory 

e Fast Cycle Time 

Low Power Requirements 

High Reliability 

Module Interchangeability 
Modular Expandability 

Compact Size 

Byte Operation 

Address Select Switches 

Two Way Interleave (16K Boundaries) 
Compatible with Both DEC PDP-11 
Memory Management and Byte 
Parity Options 


Read and write cycle times of 620 nanoseconds allow 
significant speed improvement. interleave operation 
with two memories is possible for maximum throughput. 


Quick address select changes are possible through the 
use Of on-board DIP switches. Also, byte operation is 
standard. 


in-4711 Add-In Compatibility 
The in-4711 may be installed into any of the three 
different types of PDP-11 systems: 


@ Any PDP-11/05, 11/10, 11/15,11/35, 11/40, 11/45, 
11/50 and 11/55 with an MF11-L or MF11-LP 
backpanel. 

e Any PDP-11/04, 11/34 with semiconductor memory 
supplied by DEC. 

e Any PDP-11/04, 11/34 with core memory supplied 
by DEC. 


The in-4711 may not be installed into any PDP-11/05, 
PAY 1O VAS 1.55 19 20.117 85; F140; T1745, 147 50 Or 
11/55 with an MF11-U or MF11-UP backpanel. For 
these systems, an in-4011 Add-On Memory System 
should be used to expand the PDP-11 memory. 


in-4711 


nn 


Product Characteristics 


Capacity: 


Word Length: 
Cycle Time: 
Read 
Write 
Access Time: 
Read 
Write 
Dimensions: 
Memory Board (Hex): 


Operational Modes: 


8K* and 16K words per 
board 
16-bits 


620 nanoseconds 
620 nanoseconds 


450 nanoseconds 
250 nanoseconds 


15.4 inches High 
8.5 inches Deep 
0.375 inches Wide 
Read Word 

Write Word 

Read Byte 

Write Byte 


D.C. Power Requirements: 


Temperature: 


Relative Humidity: 


Altitude: 


16.5 Watts Typ. 
26.0 Watts Max. 
0°C to +50°C operating 
ambient 

-40°C to +125°C 
non-operating: 

Up to 90% with no 
condensation 

O to 10,000 feet 
operating 

Up to 50,000 feet 
non-operating 


Interface Characteristics: Unibus Compatible 
TTL Compatible Logic 


Standard Input Controls: Cycle Initiate (MSYN) 


Byte Select (CO) 
Read/Write (Cl) 
Address Lines (A0-A17) 
Data Lines (DO-D15) 
Slave Sync (SSYN) 


*Note: 8K available only for orders of 25 units or more. 
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INTRODUCTION 


The MCS-40 microcomputer family (the expanded MCS-4 family) is the world’s largest selling 
family of microcomputers. This family of components has been in use for a wide variety of com- 
puter and control applications since 1971. The MCS-40 is a system which provides its users with an 
advanced generation of components geared for random logic replacement and all designs which 
require the unique advantage of a general purpose computer. The MCS-40 comes with a compre- 
hensive product development program consisting of hardware and software development aids and a 
large network of regional application engineers to draw upon. 


The 4004 and 4040 are complete 4-bit parallel central processing units (CPUs). The 4040 has a 
complete instruction set of 60 instructions, including Arithmetic, Interrupt, Logical Operations, 
I/O instructions, Register Instructions, ROM Bank Switching, Register Bank Switching, Interrupt 
Disable and Enable. The 4004 has a total of 46 instructions all of which are part of the 4040 
instruction set and are mutually compatible. 


MCS-40™ SYSTEM 


OUTPUT EXPANDER 


4003 
CLOCK GENERATOR 


4201 


GENERAL PURPOSE 
1/0 


4265 


DATA BUS 4 


PROGRAMMABLE STANDARD MEMORY 
KEYBOARD/DISPLAY INTERFACE 6 a nai ta aca 


DEVICE 4289 


4265 
4269 4008/4009 


PROMs, ROMs, RAM 


4702A 2101 
4316A 5101 
5101L 
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4040 


SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 


= Functionally and Electrically =» 8K Byte Memory Addressing 
Upward Compatible to 4004 CPU Capability 

» 14 Additional Instructions a 24 Index Registers 
(60 total) Including Logical » Subroutine Nesting to 7 Levels 
Operations and Read Program = Standard Operating 
Memory Temperature Range of 

a Interrupt Capability 0°to 70°C 

s Single Step Operation s Also Available With -40° 


to +85°C Operating Range 


The Intel® 4040 is a complete 4-bit parallel central processing unit (CPU). The CPU can directly address 4K eight bit instruction 
words or 8K with a bank switch. Seven levels of subroutine nesting, including interrupt, and 24 randomly accessable index 
registers (24x4) are provided as convenient facilities for the designer. The index registers may be used for addressing or for 
scratch pad memory for storing computation results. The interrupt feature permits a normal program sequence to be 
interrupted, with normal program execution continuing after the interrupt service routine is completed. Provisions have also 
been made to permit single-stepping the CPU using the STOP and ACKNOWLEDGE signals. 


The 4040 is an enhanced version of the 4004 and as such retains all the functional capability of that device. It will execute all the 
4004 instructions, and is also electrically compatible with all components used with a 4004 CPU. 
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4040 


Pin Description 


Do-D3 
BIDIRECTIONAL DATA BUS. All address and 


data communication between the processor and 
the RAM and ROM chips occurs on these 4 lines. 


STP 


STOP input. A logic ‘1’ level on this input causes 
the processor to enter the STOP mode. 


STPA 


STOP ACKNOWLEDGE output. This signal is 
present when the processor is in the stopped state. 
Output is ‘“‘open drain’ requiring pull-down 
resistor to Vpp. 


INT 


INTERRUPT input. A logic ‘1 level at this input 
causes the processor to enter the INTERRUPT 
mode. 


INTA 


INTERRUPT ACKNOWLEDGE output. This 
signal acknowledges receipt of an INTERRUPT 
signal and prevents additional INTERRUPTS from 
entering the processor. It remains active until 
cleared by the execution of the new BRANCH 
BACK and SRC (BBS) instruction. The output ts 
“open drain’’ requiring a _ pull-down resistor 
to Vpp. 


RESET 


RESET input. A logic ‘1’ level at this input clears 
all flag and status registers and forces the program 
counter to zero. To completely clear all address 
and index registers, RESET must be applied for 96 
clock cycles (12 machine cycles). 


TEST 


TEST input. The logical state of this signal may be 
tested with the JCN instruction. 


SYNC 

SYNC output. Synchronization signal generated by 
the processor and sent to ROM and RAM chips. It 
indicates the beginning of an instruction cycle. 


CM-RAMp — CM-RAM3 


CM-RAM outputs. These are bank selection signals 
for the 4002 RAM chips in the system. 


CM-ROMg — CM-ROM, 
CM-ROM outputs. These are bank selection signals 
for program ROM chips in the system. 


CY 


CARRY output. The state of the carry flip-flop is 
present on this output and updated each Xj, time. 
Output is ‘‘open-drain’’ requiring pull down 
resistor to Vpp. 


$1,902 
Vss Most positive voltage 
Vpp Vss—15V +5% — Main supply voltage 
*VppD, Vss—15V +5% — Timing supply voltage 
**Vpp> — Output buffer supply 
voltage 


Two phase clock inputs 


*For low power operation 
**May vary depending on system interface 


4040 


Instruction Set Format 
A. Machine Instructions 
* 1 word instruction — 8-bits requiring 8 clock periods (1 instruction cycle) 


e¢ 2 word instruction — 16-bits requiring 16 clock periods (2 instruction cycles) 


Each instruction is divided into two 4-bit fields. The upper 4-bits is the OPR field containing the 
operation code. The lower 4-bits is the OPA field containing the modifier. For two word 
instructions, the second word contains address information or data. 


The upper 4-bits (OPR) will always be fetched before the lower 4-bits (OPA) during M; and Mg 
times respectively. 


ONE WCRD INSTRUCTIONS TWO WORD INSTRUCTIONS 
1st INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE 


OPR OPA 
OPR OPA | orcooe | | _mooirien | | orcone | | wooirien 


UPPER ADDRESS MIDDLE ADDRESS LOWER ADDRESS 
OP CODE x |x ix |x 
OR 
enous rn . Py ea hee CONDITION MIDDLE ADDRESS LOWER ADDRESS 
R R R R C, %Cy Cz Az Az Az A2 fF Ar Ay Ay Ay 
OR OR 
INDEX REGISTER PAIR 
x x |x | x ADORESS x 
R R RX 
OR 
DATA 
x |x fx lx 
px ff x |x| D D D D 


Table |. Machine Instruction Format. 


INDEX REGISTER 
ADDRESS MIDDLE ADDRESS LOWER ADDRESS 
R R R Ag A2 A2 A2 A, Ay Ay A, 


Ee 
ka 
ie 
Pel 


OR 


INDEX REGISTER PAIR UPPER DA LOWER D 
R R R Xx D2 D2 2 Dz Jf 0, Dy, OO, dD, 


B. Input/Output and RAM Instructions and Accumulator Group Instructions 


In these instructions (which are all single word) the OPR contains a 4-bit code which identifies 
either the I/O instruction or the accumulator group instruction and the OPA contains a 4-bit 
code which identifies the operation to be performed. Table I! illustrates the contents of each 
4-bit field. 


OPR OPA 
INPUT/OUTPUT & 


ACCUMULATOR GROUP 
INSTRUCTIONS 


WHERE X = Ei THER A “0 OR A 1". 


Table II. 1/O and Accumulator Group Instruction Formats. 


4040 
a 


4040 Instruction Set 


BASIC INSTRUCTIONS (* = 2 Word Instructions) 


Hex OPR OPA DESCRIPTION OF OPERATION 
Code MNEMONIC, nb, 0,0, 0, D, 
00 NOP 0000 0000 No operation. 
Jump to ROM address A, A, A, Az, A, A, A, A, (within the same 
1- * JON OOO ~ GelaGs G, ROM that contains this JCN instruction) if condition C, C, C3 C, 
-- A,A,A,A, A,A, A, A, is true, otherwise go to the next instruction 
in sequence. 
2 - «FIM 0010 RRR O_ Fetch immediate (direct) from ROM Data D, D, D, D, D, D, D, D, 
-- D,D,0,D, 0,D,0,0, to index register pair location RRR. 
Fetch indirect from ROM. Send contents of index register pair 
3 - FIN 0011 RRRO location 0 out as an address. Data fetched is placed into register 
pair location RRR. -_ 
: Jump indirect. Send contents of register pair RRR out as an address 
3 JIN Ooi RRR 1 at A, and A, time in the instruction cycle. 
4- * JUN 0 100 A,A,A;A; Jump unconditional to ROM address A, A; A; A, A, Az A> A; 
- A,A,A,A, A,A,A, A, A, A, A, A\. — 
5 - * JMS 0101  A,A,A,;A,; Jump to subroutine ROM address A; A, A; A; A, A, A, A, 
-- A,A,A,A, A, A,A,A, A, A, A, A,, Save old address (up 1 level in stack. ) 
6 - INC 0110 RRR R __ Increment contents of register RRRR. : 7 
7. 0141 RRRR Increment contents of register RRRR. Go to ROM address A, A, A.A, 
: *1$Z AAAA AAAA A,A,A, A, (within the same ROM that contains this ISZ instruction) 
aa ees ee ea if result 4 0, otherwise go to the next instruction in sequence. 
8 ADD 1000 RRR R_ Add contents of register RRAR to accumulator with carry. — 
Q - SUB 1001 R RRR __ Subtract contents of register RRRR to accumulator with borrow. 
A- LD 1010 RRRR_~ Load contents of register RRRR to accumulator. _ _ 
B XCH 1011 R RRR _ Exchange contents of index register RRRR and accumulator, 
; Branch back (down 1 level in stack) and load data DDDD to 
C jue ee a DUDDD accumulator. i ke on ee ee 
. _ LOM 1101  OODODD __ Load data DDDD to accumulator. a - ; 
FO CLB 11114 #0000 Clear both. (Accumulater and carry) ee ne Sat ated 
A CLC 1111 0001 Clear carry. este. ete fee 
F2 IAC 11414 001 0 Increment accumulator. _ 7 7 
F3 CMC 111 1 0 0 1 1 Complement carry. - 
F4 CMA 74 AN 0 100 Complement accumulator. 
F5 RAL : aed eae a | 0 1.0 1 Rotate left. (Accumulator and carry) 
F6 RAR Ae Celta fa 0 1.1.0 Rotate right. (Accumulator and carry) 
F7 TCC 1 ee ie 0 1 1 1 Transmit carry to accumulator and clear carry. 
F8 DAC dived: eT 1000 Decrement accumulator. 
F9 TCS aes ae as 1 0.01 Transfer carry subtract and clear carry, 
FA STC Vt eA 1010 = Set carry. _ 
_FB DAA 11144 10 1 1 Decimal adjust accumulator. See . i 
Keyboard process. Converts the contents of the accumulator from a 
ie KBP toto HAY one out of four code to a binary code. 
FD DCL je ae | ben © | Designate command line. 
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4040 ONLY INSTRUCTIONS 
RiPTION OF OPERATION 

Code MNEMONIC D.D. D, 0; 0,0, 0, cepa 

01 HLT 0000 0001. Executes Halt until interrupt received. 

02 BBS 0000 0010 Return from subroutine and restore SRC. 

03 LCR 0000 0011. Data RAM and ROM bank status loaded into ACC. 

04 OR4A 0000 (0100 OR accumulator with IR4. 

05 OR5 0000 0101 OR accumulator with IRS. 

06 AN6 0000 01 1.0 AND accumulator with IR6. 

07 AN7 0000 0111 AND accumulator with IR7. 

08 DBO 0000 #1000 _ Select ROM bank 0. 

09 DBt 0000 31001 _ Select ROM bank 1. 

OA SsBO0 0000 #1041 0 _ Select IR bank 0. 

OB SB1 0000 #1011 Select IR bank 1. 

OC EIN 0000 #14100 _— Enable interrupt detection. 

OD DIN 0000 #14101 Disable interrupt detection. 

OE RPM 0000 141 1 0 Load accumulator from 4289-controlled program RAM. 


4001/4002/4008/4009/4289 


INPUT/OUTPUT AND RAM INSTRUCTIONS 


‘Hex eee OPR OPA 
Code MNEMONIC,  p,0, D,D,0, 0, 


DESCRIPTION OF OPERATION 


2% SRC 0010 RRRI1 


EO WRM 1110 0000 


EI WMP 1119 0001 


E2 WRR 1110 0010 


E3 WPM 1110 0011 


Send register control. Send the address (contents of index 
register pair RRR) to ROM and RAM at X, and X; time in the 
__ instruction cycle. = 


Write the contents of the accumulator into the previously selected 


RAM main memory character. __ 


Write the contents of the accumulator into the previously selected 
RAM output port. (Output Lines) 


Write the contents of the accumulator into the previously selected 
ROM output port. (1/0 Lines) 


Write the contents of the accumulator into the previously selected 
half byte of read/write program memory (used 
with 4008/4009 or 4289 only) 


Write the contents of the accumulator into the previously selected 
RAM status character 0. 


Write the contents of the accumulator into the previously selected 
RAM status character 1. 


Write the contents of the accumulator into the previously selected 
RAM Status character 2. 


Write the contents of the accumulator into the previously selected 
RAM status character 3. 


Subtract the previously selected RAM main memory character | 
from accumulator with borrow. 


Read the previously selected RAM main memory character into | 
the accumulator. 


Read the contents of the previously selected ROM input port into 
the accumulator. (1/0 Lines) 


Add the previously selected RAM main memory character to 
accumulator with carry. 


Read the previously selected RAM Status character 0 into 
accumulator. 


Read the previously selected RAM status character 1 into 
accumulator. 


Read the previously selected RAM status character 2 into 
accumulator. 


Read the previously selected RAM status character 3 into 
_ accumulator. | 
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4040 INSTRUCTION CODES 


NOP JUN ADD QO BBL 0 
7 ADD 1 BBL 1 
82 ADD 2 C2 BBL 2 
83 ADD 3 C3. BBL 3 
84 ADD 4 C4 BBL 4 
85 ADD 5 C5 BBL 5 
86 ADD 6 C6 BBL 6 
87. ADD 7 C7 BBL 7 
88 ADD 8 C8 BBL 8 
89 ADD 9 C9 BBL i] 
8A ADD 10 CA BBL 10 
8B ADD 11 CB BBL 11 
8C ADD 12 CC BBL 12 
8D ADD 13 CD BBL 13 
Second hex 8E ADD 14 CE BBL 14 
digit is part 8F ADD 15 CF BBL 15 
CN=0 of jump 90 SUB 0 DO LOM 0 
CN=1 also JNT address. 91 SUB 1 D1 LDM 1 
CN=2 also JC 92 SUB 2 D2 LDM 2 
CN=3 93 SUB 3 D3 LDM 3 
CN=4 also JZ 94 SUB 4 D4 LDM 4 
CN=5 95 SUB 5 D5 LOM 5 
CN=6 96 SUB 6 D6 LDM 6 
CN=7 97 SUB 7 D7 LDM 7 
CN=8 98 SUB 8 D8 LDM_ 8 
CN=9 also JT 99 SUB 9 D9 LDM 9 
CN=10 also JNC 9A SUB 10 DA LDM 10 
CN=11 9B SUB 11 DB LDM 11 
CN=12 also JNZ 9C SUB 12 DC LOM 12 
CN=13 9D SUB 13 DD LDM 13 
CN=14 9—E SUB 14 DE LDM 14 
CN=15 9F SUB 15 DF LDM 15 
0 0 AO LD 0 EQ WRM 
0 1 Al LD 1 E1 WMP 
2 2 A2 LD 2 E2 WRR 
2 3 A3 LD 3 E3 WPM 
4 4 A4 LOD 4 E4 WRO 
4 5 A5 LD 5 —E5 WRI 
6 6 A6 LD 6 E6 WR2 
6 7 A7 LOD 7 E7 WR3 
8 8 A8 LD 8 E8 SBM 
A9 LD 9 E9 RDM 
AA LD 10 EA RDR 
AB LD 11 EB ADM 
AC LD 12 EC RDO 
AD LD 13 ED RD1 
AE LD 14 EE RD2 
AF LD 15 EF RD3 
BO XCH 0 FO CLB 
B1  XCH 1 F1 CLC 
B2 XCH 2 F2 IAC 
B3 XCH 3 F3 CMC 
B4 XCH 4 F4 CMA 
B5 XCH 5 F5 RAL 
B6 XCH 6 F6 RAR 
B7 XCH 7 F7 TCC 
B8  XCH_ 8 F8 DAC 
B9 XCH 9 F9 TCS 
BA XCH 10 FA STC 
BB XCH 11 FB DAA 
BC  XCH 12 FC KBP 
BD XCH 13 FD DCL 
BE XCH 14 FE — 
BF XCH 15 FF — 
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Absolute Maximum Ratings* 


Ambient Temperature Under Bias ................. 0°C to 70°C 
Storage Temperature ........ cece cece eee -55°C to + 125°C 
Input Voltages and Supply Voltage 

WII TESPECL IO: VSS. fi Gaatae ei atk oa eee eae +0.5V to -20V 
POWs” DISSIDALION: 4cwas oie. cwee tea Geeet ohwlayaeeeaes 1.0 Watt 


D.C. and Operating Characteristics 


*COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


Ta = 0°C to 70°C; Vsg -Vpp = 15V +5%; topw = top1 = 400 nsec; tgp2 = 150 nsec; 4040 Vpp1 = Vpp2 = Vpp: Logic “0” is 
defined as the more positive voltage (Vin, Vou); Logic ‘1’’ is defined as the more negative voltage (Vii, Vo_): Unless Other- 


wise specified. 


SUPPLY CURRENT 


Test Conditions 
Ta = 25°C, Vpp = Vss 


INPUT CHARACTERISTICS 


INT inputs 
Vie 
OUTPUT CHARACTERISTICS 
VoOH Output High Voltage Vgs-.5V Vss Capacitive Load 
Row CM-ROM Output Resistance, Data Line ‘’0”’ Level VouTtT=Vss--5V 
Row CM-RAM Output Resistance, Data Line “’0”’ Level a ae a VouT=Vss-.5V 
Ror INTA, CY, STPA Output Resistance “0” Level po 1B KO | VouT=Vss-.5V 
CAPACITANCE 
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Typical D.C. Characteristics 


4040 Ipp VS. TEMPERATURE 


lbp rota (MA) 


20 
-40 -20 0 20 40 60 80 85 


ico 


A.C. Characteristics 1, =0°C to 70°C, Vsg -Vpp = 15V +5% 


Limit 
Symbol Parameter Mi Typ. Max. | Unit | Conditions 


8 
“= 
“ 
me 

: 

3 

ra 


twRPem Data-In Hold Time-RPM Instruction (Xp state) 


ty(13] | Data-tn, CM, SYNC Hold Time ns 
tHRPM Data-In Write Time-RPM Instruction (X> state) 


ty [3] Data Bus Hold Time During 150 S 
X2 - X3 Transition (I/O Read Instruction only) 
tos|2] Set Time (Reference) ns 


taccl5! | Data-Out Access Time Court = 


Data Lines ns 500pF Data Lines 
Data Lines ns | 200pF Data Lines[4] 
SYNC ns 500pF SYNC 
CM-ROM ns 160pF CM-ROM 
CM-RAM ns 50pF CM-RAM 

ton Data-Out Hold Time 50 ~=150 ns Cout=20pF 


toe CY, STPACK, INTACK Delay usec 


NOTES: 1. t} measured with tgR = 10nsec. 
2. tacc is Data Bus, SYNC and CM-line output access time referred to the $9 trailing edge which clocks these lines out. 
tos is the same output access time referred to the leading edge of the next $2 clock pulse. 
3. All MCS-40 components which may transmit instruction or data to the 4040 at X2 always enter a float state until the 4040 
takes over the data bus at X3 time. Therefore the ty requirement is always insured since each component contributes 10uA 


of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1V/us. 
CDATA BUS = 200PpF if 4008 and 4009 or 4289 is used. 


5. The 4040 accumulator is gated out at X1 time at ¢1 leading edge, and the tacc is 930 nsec + toD2- 


n. 
0 
0 
0 
0 
; 0 
0 


> 
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a Ay a Ay On M2 ms Mp x3 
IF 1IOR 
ACC PORT/RAM 
DATA BUS | CPU CPU | CPU ROM ROM CPU ELSE CPU CPU 
ENABLED ENABLED : ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED 


O74 


10% ~ 10% 
9 
90% 90% 
SYNC 
CM-RAM, ROM IF 1/0 | | 
Bae +—+ 
; | 
| 
STP, INT «——— ACKNOWLEDGE AFTER 1 MOR 
toe a 
eee 
STPALK VIA HALT . 
Ra St pe a ay Ap STOP 
INTACK 
CY 


Figure 1. Timing Diagram. 


topo —_—— << <_-— — a —- top 
sec top 
‘ 10% 
1 90% 
a al topy 
=a ——— 10% 
o 
2 t| ———-— 90% 
ty 
v nag 
DATA BUS, CM ANY TRUE ANY 
(INPUTS) t a -5V 
Os 
(REFERENCE) ——> Lees 
DATA BUS, CM j TRUE MV aN 
(OUTPUTS) A———. _5v 
DATA BUS -1V 
INPUT ANY ‘4 TRUE a ANY 
(X2 STATE | 
OF RPM twrem~ — turPM 
EXECUTION) 


Figure 2. Timing Detail. 
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CYCLE #1 2 3 N N+1 
Ay A2A3 My M2 Xq X2 X3/ A, A2 A3 My M2 X41 X2 XA, A2A3 My M2 Xq Xo X3f A, Az A3 My M2 Xq X2X3] Ay A2A3 My Mo X4 X2 X3 


Se ey i. Tie. ae 


STOP ACKNOWLEDGE 
IF SECOND CYCLE OF 
TWO CYCLE INSTRUCTION 


TWO CYCLE INSTRUCTION NOP’s —————_-__—_> NEXT INST. 


Figure 3. Stop Timing. 


CYCLE #1 2 3 4 5 
Ay A2A3MyM2X, X2X3fA1 Ar A3M, M2 X41 X2X JA Az Ag My M2 X1 Xo X3 Ay A2A3 My M2 X4 X2X3pA7q Ad AZM, Ma X1 X2X3 


STOP ACKNOWLEDGE 


STOP INPUT + == 


INTERNAL STOP 


HALT 
Se NOP Se es ee ganna 
INSTRUCTION NGES NEST ANS 


Figure 4. Halt Timing (Exit Using Stop Input). 


CYCLE =1 2 3 4 5 
Ay Az Ay My M2 Xy Xp XA, AL ALM Ma X1 XX yy A. AY M, My Xy 


Pte ap Ee ap bk Pp ope 


N -1 N N+1 


SYNC 
INTERRUPT 
INPUT Tf pe ee ee mee MAN Ge MEMGU LO ALTER 


werner —t-——_, | | | ,---.-[.u1.--4-2_][_....._]. 
INTERRUPT 

INTERRUPT 
FLIP-FLOP 


INTERRUPT 
ACKNOWL EDGE/MASK 


DOUBLE CYCLE 


2 JUMP TO SUBROUTINE 
INSTRUCTION ~ ~~ 


AT ADDRESS 03 


NEXT INSTRUCTIONS 


F 


igure 5. Interrupt Timing. 
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CYCLE =1 2 3 4 5 


awe Beene 
DECODED HALT ny 
HALT FLIP-FLOP Lemon) 
STOP ACKNOWLEDGE —. 
INTERRUPT fd 
arr: 

bs 


INTERNAL INTERRUPT 


INTERRUPT FLIP-FLOP 


INTERRUPT 
ACKNOWLEDGE/MASK 


HALT INST. —— NOP’s —————_____> |] «——- JUMP. TO SUBROUTINE AT 03 


Figure 6. Halt Timing (Exit Using Interrupt). 
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intel 
4004 


SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 


=» 4-Bit Parallel CPU With 46 =» CPU Directly Compatible 
Instructions With MCS-40 ROMs and 

= Instruction Set Includes RAMs 
Conditional Branching, » Easy Expansion—One CPU 
Jump to Subroutine and can Directly Drive up to 
Indirect Fetching 32,/68 Bits of ROM and up 

= Binary and Decimal to 5120 Bits of RAM 
Arithmetic Modes s Standard Operating 

, Temperature Range of 
= 10.8 Microsecond 0° to 70°C 


Instruction Cycle 
» Also Available With -40° 
to +85°C Operating Range 
The Intel® 4004 is a complete 4-bit parallel central processing unit (CPU). The 4004 easily interfaces with keyboards, 
switches, displays, A-D converters, printers and other peripheral equipment. 


The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen 
index registers are provided for temporary data storage. Up to 16 4-bit input ports and 16 4-bit output ports may also be 
directly addressed. 


The 4004 is fabricated with P-channel silicon gate MOS technology. 


Dy-D, BI-DIRECTIONAL 
DA 


f A BUS 
DATA BUS 
BUFFER 


4 BIT (4 BIT) 
INTERNAL DATA BUS f INTERNAL DATA BUS 


STACK 
MULTIPLEXER 


PROGRAM COUNTER 
(12) 


LEVEL NO. 1 


INSTRUCTION 
REGISTER (8) 


(12) 


INSTRUCTION 


STACK POINTER 


= 
DECODER LEVELNO.2 |,,, 5 ae ee 
J (4) 
Scere (| aC 
ENCODING .) 
ADDRESS a 
STACK x 
iw 
hele 
2 
DECIMAL (4) (4) 
ADJUST 12 13 
Dele 
TIMING SCRATCH 
D PAD 


AN 
CONTROL 

POWER —— -10V 
SUPPLIES “] ___ is5y 


ROM RAM 
CONTROL CONTROL 


TEST 


CM ROM T TEST SYNC 61 62 RESET 
CM RAM 
0-3 


SYNC CLOCKS 
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Pin Description 


Do[ 1 164%] CM-RAM 


ny 15 CM-RAM 
para [OL = ' | memory 
BUS CONTROL 
V0 |02(_] 14 J cM-RAM, | OUTPUT 
03LJ CM-RAM3 
Vss [_] 121] Vop 
mere MEMORY 
pHase1 | ?'1LJ 110 ]CM-ROM CONTROL 
“ib OUTPUTS 


CLOCK 
PHASE 2 lig L_ 109 J Test 


SYNC 


OUTPUT } SYNC [|] 9 J RESET 


Do-D3 

BIDIRECTIONAL DATA BUS. All address and data 
communication between the processor and the RAM 
and ROM chips occurs on these 4 lines. 


RESET 


RESET input. A logic ‘‘1’’ level at this input clears 
all flags and status registers and forces the program 
counter. to zero. To completely clear all address 
and index registers, RESET must be applied for 64 
clock cycles (8 machine cycles). 


TEST 


TEST input. The logical state of this signal may be 
tested with the JCN instruction. 


SYNC 


SYNC output. Synchronization signal generated by 
the processor and set to the ROM and RAM chips. 
It indicates the beginning of an instruction cycle. 


CM-ROM 


CM-ROM output. This is the ROM selection signal 
sent out by the processor when data is required 
from program memory. 


CM-RAMg — CM-RAM3 


CM-RAM outputs. These are the bank selection sig- 
nals for the 4002 RAM chips in the system. 


py. o> 


Two phase clock inputs. 


Vss 
Most positive voltage. 


Vop 
Vss -15 +5% main supply voltage. 
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Instruction Set Format 


A. Machine Instructions 


@ 1 word instruction — 8-bits requiring 8 clock periods (instruction cycle). 
® 2 word instruction — 16-bits requiring 16 clock periods (2 instruction cycles). 


Each instruction is divided into two four-bit fields. The upper 4-bits is the OPR field containing the 
operation code. The lower 4-bits is the OPA field containing the modifier. For two word instructions, 


the second word contains address information or data. 


The upper 4-bits (OPR) will always be fetched before the lower 4-bits (OPA) during My and M2 
times respectively. 


ONE WORD INSTRUCTIONS TWO WORD INSTRUCTIONS 


Ist INSTRUCTION CYCLE 2nd INSTRUCTION CYCLE 
D3 Dz OD, Dg D3 D, D3; Dz D, Dg 03 


D2 Do D, D0, 09 
OPR OPA OPR OPA 
BERS Saks co eee | eee eee 
OPA 
UPPER ADDRESS MIDDLE ADDRESS LOWER ADORESS 
OP CODE x x 
| orcooe | mooirieR Pe eee Az Az Ag Az fh Ay Ay Ay Ay 
OR 
INDEX REGISTER CONDITION MIDDLE ADDRESS LOWER ADORESS 
ADDRESS x x 4 
RR  R_R C, Cy Cz % Az Az Az Az f§ Ay Ay Ay Ay 


OR 


OR 

sg Px fx |x ede toto PAIR INDEX REGISTER MIDDLE ADDRESS LOWER ADDRESS 
x | x ADDRESS 

R R R xX R R RR Az Az Azg Az F Ay Ay Ay Ay 


OR 


OR 
DATA INDEX REGISTER PAIR E TA ER 
PP EE. &.] |) GEER alsa Pact 
DO R R RX D, D2 2 2 — 0; OD, O, dD, 


Table |. Machine Instruction Format 


B. Input/Output and RAM Instructions and Accumulator Group Instructions 


In these instructions (which are all single word) the OPR contains a 4-bit code which identifies either 
the I/O instruction or the accumulator group instruction and the OPA contains a 4-bit code which 
identifies the operation to be performed. Table II illustrates the contents of each 4-bit field. 


D3 Dz D0, Do D3 Dg Dy Dg 


OPR OPA 


INPUT/OUTPUT & 
ACCUMULATOR GROUP 


WHERE X = EITHER A “0” OR A “1”, 


Table I. 1/O and Accumulator Group Instruction Formats 


4004 Instruction Set 


G&UUG 


BASIC INSTRUCTIONS (* = 2 Word Instructions) 


Hex OPR OPA DESCRIPTION OF OPERATION 
Code MNEMONIC) 5 nb, D, 0,0, D, =e 
00 NOP 0000 0000 _ No operation. aa 
Jump to ROM address A, A, A, A>, A, A, A, A, (within the same 
1 - * ICN OOO 4s: CGC. G. ROM that contains this JCN instruction) if condition C, C, CC, 
- A,A,A,A, A,A,A,A, is true, otherwise go to the next instruction 
= in sequence. — 
2- * FIM 0010 RRR O_ Fetch immediate (direct) from ROM Data D, D, D, D, D, D,D, 0, 
-- D,D,0,0, D,D,D,0, to index register pair location RRR. _ 
Fetch indirect from ROM. Send contents of index register pair 
3- FIN 030° 4 RRRO location 0 out as an address. Data fetched is placed into register 
pair location RRR. Satine cotta 
Jump indirect. Send contents of register pair RRR out as an address 
3 at ote RRR 1 at A, and A, time in the instruction cycle. oo oe 
4 - * JUN 0 100 A,A,;A;A,; Jump unconditional to ROM address A; A, A; A; A, A> A> A; 
ee A, A, A, A, 1 A, 1 A, A, A, A,. ; a oe 
5- * JMS 0 101  A;A;A;A; Jump to subroutine ROM address A, A; A; A; A, A, A, A> 
-- A,A,A,A, A,A,A, A, A, A, A, A,, Save old address (up 1 level in stack.) = 
6 INC 0110 RRR R Increment contents of register RRRR. ee tte, le. 
7. 0114 RRRR increment contents of register RRRR. Go to ROM address A, A, A, A, 
i. *1$2 A AAA AAAA A, A, A, A, (within the same ROM that contains this ISZ instruction) 
a pre re ae cee. if result = 0, otherwise go to the next instruction in sequence. 
a ADD 1000 R RRR _ Add contents of register RRRR to accumulator with carry, 
oe. SUB 1001 RRR R_ Subtract contents of register RRRR to accumulator with borrow. 
A- LD 1010  RRRR _ Load contents of register RRRR to accumulator. __ Bee eek as 
B - XCH 1011 #RRRR Exchange contents of index register RRRR and accumulator. 

_ Branch back (down 1 level in stack) and load data DDDD to 
ee ee, eM oe ee 
O- LOM 1101 DDDD LoaddataDDDD to accumulator. = 
FO LB 1111 0000 Clear both (Accumulator and carry) 

Fi CLC 1111 0001 Clear carry. ne Pee re en eae 

Fe IAC 1111 001 0 Increment accumulator. a eee re 

F3 CMC 111 1 0 01 1 Complement carry. _ ; ; 

F4 CMA i noe Vs | 0 100 Complement accumulator. _ 

F5 RAL 1111 0 101 Rotate left. (Accumulator and carry) 

F6 RAR Pei od 0110 Rotate right. (Accumulator and carry) 7 

F7 TCC on 0 1.1 1 Transmit carry to accumulator and clear carry. 

_ 8 DAC 1111 100 0 Decrement accumulator. carey oo 7 

FQ. TCS) 1111 10.01 Transfer carry subtract and clear carry. — ; : 

FA STC 1 ie a ne 1010  Setcarry. : ; 7 

FB DAA ee ee as 101 1 Decimal adjust accumulator. 

FC KBP 1144 1100 Keyboard process. Converts the contents of the accumulator from a 
one out of four code to a binary code. ; 

FD DCL ae ae 1.1.0 1 Designate command line. 
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4001/4002/4008/4009/4289 
INPUT/OUTPUT AND RAM INSTRUCTIONS 


Hex OPR OPA DESCRIPTION OF OPERATION 
Code MNEMONIC, py d,D, 0.0, D, Dp 


Send register control. Send the address (contents of index 
2 - SRC 0010 RRR 1 register pair RRR) to ROM and RAM at X, and X;, time in the 
instruction cycle. 


nen ar } Write the contents of the accumulator into the previously selected 
c 
FO WRM 1110 0000 RAM main memory character. 


——— Wo ete og ire” ~ Write the contents of the accumulator into the previously selected 
E1 WMP 1119 0001 RAM output port. (Output Lines) 


. ie. va, — Write the contents of the accumulator into the previousty selected 
Fe WRR 1110 0010 ROM output port. (1/0 Lines) 


Write the contents of the accumulator into the previously selected 
Ed WPM Fob tO: eee half byte of read/write program memory (used 
7 with 4008/4009 or 4289 only) 


a ee we fae ee Write the contents of the accumulator into the previously selected 
E64 wRo 1110 O t 0 0 RAM status character 0. 


7 Write the contents of the accumulator into the previously selected 
ES al ae ae | o1 RAM status character 1. 


ae ae eee ~- ‘Write. the contents-of the accumulator into. the previously selected 
E6 WR2 111 «0 - ee 0 RAM status character 2. 


E7 WR3 11410 01144 Write the contents of the accumulator into the previously selected 
ren an ne RAM status character 3. awe te ee nce 
F8 SBM 1110 1000 Subtract the previously selected RAM main memory character 
ane | from accumulator with borrow. 


EQ RDM 1110 1001 Read the previously selected RAM main memory character into 
the accumulator. 


EC RDO 1110 1100 Read the previously selected RAM status character 0 into 
___accumulator. 


ED RD1 1110 1104 Read the previously selected RAM status character 1 into 
accumulator. 


EE RD? 1110 1110 Read the previously selected RAM status character 2 into 
accumulator. 


EF RD3 1110 1444 Read the previously selected RAM status character 3 into 
accumulator. 
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4004 Instruction Codes 


Second hex 
digit is part 
CN=0 of jump 
CN=1 also JNT address. 
CN=2 also JC 
CN=3 
CN=4 also JZ 
CN=5 
CN=6 
CN=7 
CN=8 
CN=9 also JT 
CN=10 also JNC 
CN=11 
CN=12 also JNZ 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
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4004 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ................. 0°C to 70°C 3=—*COMMENT: 

Storage Temperature .............. ccc eee eee -55°C to + 125°C Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 

Input Voltages and Supply Voltage only and functional operation of the device at these or any other 

with respect tO VSS... . ke cece eee eee eee eee +0.5V to -20V conditions above those indicated in the operational sections of this 


Power DisSipation .......... cece cece eee eee eee e eee 1.0 Watt = specification is not implied. 


D.C. and Operating Characteristics 


Ta = 0°C to 70°C; Vgs -Vpp = 15V + 5%; topw = tgD1 = 400 nsec; logic “0” is defined as the more positive voltage 
(Vin. Vou); logic 1” is defined as the more negative voltage (Vi, Vo); Unless Otherwise Specified. 


SUPPLY CURRENT 


Parameter Test Conditions 


EE 
> 


Average Supply Current 
INPUT CHARACTERISTICS 


input tow Vote Cocks 


o 
O 

& 
7) 

EF 
Ww 
aN 


Vitc Input Low Voltage Clocks 


OUTPUT CHARACTERISTICS 

Row Output Resistance, Data Line ‘’0’’ Level VouTt=Vss-.5V 
Row CM-ROM Output Resistance, Data Line “0” Level 320 600 Vout=Vss-.5V 
Rou CM-RAM Output Resistance, Data Line ‘‘0’”’ Level a ae as VouTt=Vss--5V 
CAPACITANCE 


© 
NO 
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4004 


Typical D.C. Characteristics 


POWER SUPPLY CURRENT 
VS. TEMPERATURE 


toPw = toD1 = 400 nsec 
teD2 = 150 nsec 


POWER SUPPLY CURRENT (mA) — Ipp 


AMBIENT TEMPERATURE (°C) 


A.C. Characteristics 
Ta=0°C to 70°C, Vss-Vpp = 15V +5% 


Symbol Parameter 


Clock Period 
Clock Rise Time 
Clock Fall Times 


tcy 
tor 
tor 


Ttopw 
tepd1 


Test Conditions 
tep2 


tw 


Clock Width 380 

Clock Delay $1 to $2 400 

Clock Delay $2 to $, 150 

Data-In, CM, SYNC Write Time 350 100 
tyl1.3] | Data-In, CM, SYNC Hold Time 40 20 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
and X2-X3 Transition. 

ns 
ns 
ns 
ns 
ns 

S 


tacc Data-Out Access Time Cout = 
Data Lines 500pF Data Lines 
Data Lines 200pF Data Linesl4] 
SYNC 500pF SYNC 
CM-ROM 160pF CM-ROM 
CM-RAM 5OpF CM-RAM 

tou Data-Out Hold Time n Cout=20pF 


Notes: 1. ty measured with tgR = 10nsec. 
2.Tacc is Data Bus, SYNC and CM-line output access time referred to the $2 trailing edge which clocks these lines out. tos is the 
same output access time referred to the leading edge of the next ¢9 clock pulse. 
3. All MCS-40 components which may transmit instruction or data to the 4004 at M9 and X2 always enter a float state until the 
4004 takes over the data bus at X41 and X3 time. Therefore the tyy requirement is always insured since each component 
contributes 10uA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1V/us. 
4. CDATA BUS = 200pF if 4008 and 4009 or 4289 is used. 
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x A, A, Ay M, M, x, X, X, 
OPA (4004) IF IOR 
AC (4040) PORT/RAM 
DATA BUS CPU CPU CPU | ROM ROM CPU ELSE CPU CPU 
ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED 
ey 
| | | | | | | | | | | ie | | | [ | | 
2 
90% 90% 
| 1 
SYNCH | 
| 
\ 
CM-RAM, ROM | iFi/o | | | iesrc | 
betes eed Eas egal 


Figure 1. Timing Diagram. 


(a) 
é 90% 
er 
DATA BUS, CM ~ 
INPUTS =3 
( ) ig 5V 
(REFERENCE) ——> 
DATA BUS, CM ae AN 
(OUTPUTS) ia kao ey 


ee ae “acc cae 


Figure 2. Timing Detail. 
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4003 
10 BIT SHIFT REGISTER/OUTPUT EXPANDER 


=» 10 Bit Serial-In/Parallel Out 


= Serial-Out Capability for 
Additional 1/O Expansion 


=» 16 Pin Dual-In-Line Package 


=» Easy Expansion of I/O Output 
Capability 
» Enable Output Control 


s Standard Operating Temperature 
Range of 0° to 70°C 


The 4003 is a 10 bit serial-in, parallel-out, serial-out shift register with enable logic. The 4003 is used to expand the number of 
ROM and RAM 1/O ports to communicate with peripheral devices such as keyboards, printers, displays, readers, 


teletypewriters, etc. 


The 4003 is a single phase static shift register; however, the clock pulse (CP) maximum width is limited to 10 msec. Data-in and 
CP can be simultaneous. To avoid race conditions, CP is internally delayed. 


PIN CONFIGURATION 


CLOCK 
PULSE INPUT; “? Lg | 16f ]& ENABLE INPUT 


DATA IN[_}2 15 [_] SERIAL OUT 
140 ]v 
PARALLEL | °° J Yoo 
OUTPUTS 
Fas (| 13[-Ja, 
PARALLEL 
OL 76 vay ja, OUTPUTS 
PARALLEL 
outputs} 23 LJ 7 10 Ja, 
a,C}8 9f- Ja, 


BLOCK DIAGRAM 


Voo Ves 


POWER 
ON CLEAR 


SERIAL 
OUT 
a ee ee oe 
lio BIT SHIFT REGISTER DELAY O 


(STATIC CELL) | | 
ee ae ee 


BINARY 
COUNTER 


<> | i ccosele 1 A 
(ENABLE) 10 BIT PARALLEL 


OUTPUT eae 
' | ' | 


Qo OQ; Ag Az Aq, Ag Ag Q7 Ag Ag 
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4003 


Pin Description 


Pin No. Designation Description of Function 

1 7 CP The clock pulse input. A “0” 
(Vss) to “1” (Vpp) transition 
will shift data in. 

DATA IN Serial data input line. 
Oo Parallel data output lines, when 

enabled. Each pin may be made 
TTL compatible with a 5.6K 
pull-down resistor to Vpp. 

4 0, 

6 02 

7 03 

8 0, 

9 05 

10 Og 

11 07 

12 Og 

13 Og 

5 Vss Most positive supply voltage. 

14 Vop Main supply voltage value must 
be Vss - 15.0V + 5% (-10v 
for TTL operation) 

15 Serial out Serial data output. 

16 E Enable, when E = “1” (Vpp) 


the output lines contain valid 
data. When E = “0” (Vgs) the 
output lines are at Vss. 


Absolute Maximum Ratings* 


CY 


Ambient Temperature Under Bias 
Storage Temperature 
Input Voltages and Supply Voltage 

with respect to Vss 
Power Dissipation 


i  Y 


0°C to 70°C 
-55°C to + 125°C 


+0.5V to -20V 


CS 


Functional Description 


The 4003 is designed to be typically appended to an 
MCS-40 1/0 port. This can be the I/O port of a 4001, 4002, 
4289, 4308, or a 4265. One 1/O line is assigned to be the 
Enable (E), another the Clock (CP), and still another the 
Serial Data-Input. For example, to access the 4003 a sub- 
routine of sequential outputs consisting of Data, clock pulse 
on, Enable — followed by an output of clock pulse off and 
Enable, will serially load the 4003. 

Data is loaded serially and is available in parallel on 10 
output lines which are accessed through enable logic. When 
enabled (E = 1--Vpp), the shift register contents are read out; 
when not enabled (E = 0 -- Vgg), the parallel-out lines are at 
Logic ‘‘0” (Vsgs). The serial-out line is not affected by the en- 
able logic to allow longer word cascading. 

Data is also available serially permitting an indefinite 
number of similar devices to be cascaded together to provide 
shift register length multiples of 10. 

The data shifting is controlled by the CP signal. An inter- 
nal power-on-clear circuit will clear the shift register 
(outputs = 0 or Vgs) between the application of the supply 
voltage and the first CP signal. 

The 4003 output buffers are useful for multiple key 
depression rejection when a 4003 is used in conjunction with 
a keyboard. In this mode if up to three output lines are 
connected together, the state of the output is high (Logic 
“0” or Vgg) if at least one line is high. 

Another typical application of the 4003 is for Keyboard 
or Display Scanning where a single bit of Logic ‘1’ is shifted 
through the 4003 and is used to activate the various digits, 
keyboard rows, etc. 


“COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


1.0 Watt 
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4003 


D.C. Characteristics 
Ta = 0°C to +70°C; Vsg -Vpp =15V +5%; tgpw = tgp1 = 400 nsec, typ2 = 150 nsec, unless otherwise specified. 


Logic 0” is defined as the more positive voltage (Vi, Voy), Logic ‘1’ is defined as the more negative voltage (Vii, VoL).- 


SUPPLY CURRENT 


Limit 
Parameter Min. Typ.[1] Max. | Unit 


Test Conditions 


twe = twH = 8ysec; 
Ta = 25°C 


1/0 OUTPUT CHARACTERISTICS 


lot Parallel Out Pins 
Sinking Current, ‘’1’’ Level 


m 
lOL Serial Out Sinking Current, ‘1’ Level 1.0 2.0 Vout = OV 
Q 


Vout = OV. For TTL 
compatibility a 5.6KQ 
(10%) resistor between 
output and Vpp should 
be added. [2] 


Row Parallel-Out Pins Output 4 750 Vout = -0.5V 
Resistance ‘‘0’’ Level 
Rou __| Serial Out Output Resistance “0” Level 650 1200 EOC | Vout = -0.5V 


Notes: 1. Typical values are to Ta = 25°C and Nominal Supply Voltages. 
2. For TTL compatibility on the 1/O lines the supply voltages should be Vpp = -10V +5%; Vsg = +5V +5%. 


A 
A 
VOL Output Low Voltage Vss-11 Vgs-7.5 Vgs5-6.5 V lor = 10uUA 
00 
Q) 


CAPACITANCE 
f = 1 MHz; Vin = OV; Ta = 25°C; Unmeasured Pins Grounded. 


Input Capacitance 


Typical D.C. Characteristics 


POWER SUPPLY CURRENT OUTPUT CURRENT VS. 
VS. TEMPERATURE OUTPUT VOLTAGE 


Vop = -15.0V 
tWL = tWH = Susec 


POWER SUPPLY CURRENT (mA) — Ipp 
OUTPUT CURRENT (mA) — IoL 


AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 
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ot WINS 


A.C. Characteristics 
Ta = 0°C to +70°C; Vpp = -15 5%, Vss = GND 


imi 
Symbol Min. cae Max. Test Conditions 
tpg!2!_ | CP to Data Set Delay 
tat CP to Data Out Delay 250 1750 
ta3 CP to Serial Out Delay 200 1250 Cout = 20pF 
tga Enable to Data Out Delay p10 | sec Cout = 20pF 


Notes:1. twH can be any time greater than 6usec. 
2. Data can occur prior to CP. 


Timing Diagram 


@ -1V 
cP @ —5V “Wie 
DATA IN @ —5V 
"Od 
@-1V 
DATA OUT @ -5V 
10;) 
tay 'd2 we tag 


ENABLE 
(E) 


SERIAL OUT 


3 


4265 
PROGRAMMABLE GENERAL PURPOSE I/O DEVICE 


TTL Interface 

Up to Eight 4265s Per System 
Interface to Standard RAMs 
28 Pin Dual-In-Line Package 
Interface to Standard RAMs 
Interfaces to 8080 Peripherals 28 Pin Dual-In-Line Package 


Synchronous and Asynchronous Standard Operating Temperature 
Interface Range of 0° to 70°C 


Strobed Buffer Inputs and Outputs Also Available with -40° to 
+85°C Operating Range 


Multi-Mode 14 Operating Modes 
16 Lines of I/O Capability 

Bit Set/Reset 

Multiplexable Outputs 

Eight Bit Transfer Mode 


The 4265 is a general purpose I/O device designed to interface with the MCS-40™ microcomputer family. This device provides 
four software programmable 4-bit |/O ports which can be configured to allow any one of fourteen unique operating modes for 
interfacing to data memory or a variety of user peripheral devices. 


A single MCS-40 system can accomodate up to four 4265s (one per CM-RAM) without external logic or up to eight 4265s with 
one external decoder. 


The 4265 resides on the MCS-40 data bus and uses the same selection procedure as 4002 RAM device. A valid compare selects 
the 4265 for MCS-40 I/O commands. As in the case of the 4002 or any MCS-40 peripheral circuit, selection occurs only when the 
proper SRC code and the CM signal are present simultaneously. 


The 4265 provides an extremely flexible, general purpose I/O system capable of handling 4- or 8-bit input or output data. One of 
fourteen basic operating modes can be selected (software programmable) as described below. 


Port Z is TTL compatible with any TTL device. Ports W, X, and Y are low-power TTL compatible. 


PIN CONFIGURATION 
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Pin Description 


Pin No. Designation 
2-5 DO-D3 
6 RESET 
7 CM 
9-10 $1-$2 
a DATA 
D1O 
D20 oe 
p30 
SYNC © 


¢10—————> 
20 


CMO 
RESET O 


TIMING 
REGISTER 


4265 


Function 


Bi-directional data bus. All ad- 
dress, instruction and data com- 
munication between processor 
and |/O ports are transferred 
on this port. 


A negative level (Vpp) applied 
to this pin clears all storage ele- 
ments, places the 4265 in the 
Reset Mode and deselects the 
device. 


Command input driven by a CM- 
RAM output of the processor. 
Used for decoding SRC, RDM, 
WRM,WMP,SBM, ADM, WRO-3 
and RDO-3. 


Non-overlapping clock signals 
which determine timing. 


Designation 


SYNC 


W3-W0 
X3-X0 
Y3-Y0O 
Z3-Z20 


Vpp 


Vpp1 
Vss 


28 = TOTAL PINS 


4265 HARDWARE BLOCK DIAGRAM 


INSTRUCTION 
DECODER 


rt 


MODE REGISTER 


| MODE DECODER 


1/0 PORT 
CONTROL 


VSS VDD VDD1 (I/O PORTS ONLY) 
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Function 


Synchronization signal generat- 
ed by the processor; indicates 
the beginning of an instruction. 
Four programmable !/O ports 
having different functional des- 
ignation depending on 4265 
mode of operation. A data bus 
“1” negative true (Vpp) will 
appear on a port as a‘'1”’ posi- 
tive true (Vss). These ports are 
TTL compatible. 


Main power supply pin. Value 
must be Vss -15V +5%. 
Supply voltage foi I/O ports. 


Most positive supply voltage 
(Vpp1 = OV, Vss = 5V for TTL 
(/O ports. Vpp1 = Vpp for 
MOS loads only). 


© wo 
1/0 Ow}1 
W O W2 
O W3 


O X0 
© X1 
O X2 
O X3 


O YO 
OY1 
O Y2 
O ¥3 


© Z0 
O 21 
O 22 
O 23 


4265 


4265 PROGRAMMABLE MODES 


OPERATING MODES OPERATING MODES 

@ Mode1 — 8-Bit Asynchronous I/O Port (Bidirec- ® Mode 10 — One 4-Bit Synchronous Output Port 
tional) Two 4-Bit Asynchronous Input Ports 
4-Bit Input Port (Unbuffered) @ Mode 11 — Three 4-Bit Asynchronous Input Ports 


@ Mode 2 — 8-Bit Asynchronous !/O Port (Bidirec- @- Wade 12° 6°Bit Address Port 


tional) 4-Bit Synchronous I/O Port (Bidirec- 
4-Bit Output Port 


tional) 
@® Mode3 — 8-Bit Synchronous !/O Port (Bidirec- 2 Device Selection Control Signals 
vonall ® Mode 13 — 8-Bit Address Port 
4-Bit Synchronous Output Port 4-Bit Asynchronous |{/O Port (Bidirec- 
@® Mode4 — Four 4-Bit Output Ports tional) 
® Mode5 — Three 4-Bit Output Ports CONTROL AND OPERATING MODE 
One 4-Bit Input Port (Unbuffered) @ ModeO — Four 4-Bit Input Ports (Unbuffered) 
@ Mode6 — Two 4-Bit Output Ports Resets I/O Buffers 
Two 4-Bit Input Ports (Unbuffered) CONTROL MODES 
@ Mode 7 — One 4-Bit Output Port @ Mode 14 — Disables all output buffers, allowing 
Three 4-Bit Input Ports (Unbuffered) another 4265 to be multiplexed at the 
@ Mode 8 — Three 4-Bit Synchronous Output Ports port level. 
@ Mode9  — Two 4-Bit Synchronous Output Ports @ Mode 15 — Enables output buffers, previous mode 
One 4-Bit Asynchronous Input Port restored. 


4265 MODE DIAGRAM 


ih) a] A 


MODE 0 MODE1 CONTROL MODE 2 CONTROL 


MODE 5 MODE 6 MODE 7 


MODE9 CONTROL 


4 
MODE 10 CONTROL MODE11 CONTROL MODE12 CONTROL MCDE13. CONTROL 
+ ADDRESS 


* UNBUFFERED INPUT PORTS. 


**THE LINES ON THESE PORTS 
ARE SUBJECT TO THE BIT 
SET COMMAND. 


ee 
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4265 


Functional Description 


Control Functions: Two types of operations are possible 
with the 4265. The device (once selected) can be programmed 
to one of fourteen basic operating modes. This is accomp- 
lished by executing a WMP instruction which sends the 4-bit 
content of the CPU’s Accumulator to the 4265 where it is 
decoded and used to logically configure the device. A second 
Control operation makes use of the WRM instruction to select 
ane of eight output lines (Port Y or Z) and perform a SET or 
RESET operation on that line. This is accomplished by inter- 
preting the 4-bit Accumulator value as follows: The upper 
three bits select one of eight output latches; the least signifi- 
cant bit determines whether a SET or RESET operation is to 
be performed. 


Data Transfer Functions: The remaining eleven instruc- 
tions provide four WRITE operations (WRO, WR1, WR2, 
WR3) and seven READ operations (RDO, RD1, RD2, RD3, 
ADM, SBM, RDM). These allow data in 4-bit or 8-bit format 
to be transmitted between the 4265 and external 1/O devices 
or memory devices (all transfers between processor and 4265 
are 4-bit transfers). 


The sixteen lines of the 4265 are grouped into four ports, 
four bits each referred to as W, X, Y and Z. The ports can be 
interrogated by a RDO-3 corresponding to ports W - Z re- 
spectively. This means that even when a port is designated as 
a control port or an output port, the state of the port can be 
inputted by a RDO-3 instruction (except in modes 12 and 
13). The WRO-3 instruction will load the ports W - Z desig- 
nated outputs. When a port is specifically designated as an 
input port, it will not respond to an output type instruction 
(WRO-3, WRM, etc.). See specific mode selection for details. 


When port Y or Z is designated an output, regardless of 
the mode, then it will respond to the Bit Set command. The 
Bit Set Command allows the user to set the polarity of a sin- 
gle bit without affecting any other bit. This is particularly 
useful when the output port of interest drives control lines 
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tied to the user system. The user can selectively alter the bit 
polarity. To alter a bit, the MCS-40 WRM command is utilized. 


The 4265 is selected via the CM-RAM line and an appro- 
priate MCS-40 SRC command. The upper two bits of data at 
X2 of an SRC instruction with the CM-RAM signal are com-' 
pared with an address code internal to the 4265. One stand- 
ard code is available, a code of 2. This allows one 4265 per 
CM-RAM or up to four per system without additional logic. 
By using one external decoder and the ability of the DCL 
(Designate Command Line) instruction to code the CM-RAM 
lines, up to eight 4265s can be used in a system. Other peri- 
pheral devices can share a CM-RAM line with the 4265 
(except Mode 12 and 13). For example, a CM-RAM line can 
contain three 4002 RAMs and one 4265. 


The operating modes of the 4265 are selected under pro- 
gram control by the processor. When a 4265 is designed into 
a specific application, one functional mode is selected. With 
the possible exception of RESET, ENABLE, and DISABLE, 
a functional change in mode would not normally be initiated 
by the software once the part is designed into a specific ap- 
plication. Since mode selection is done with software, the 
system’s “‘power up” software routine should sequentially 
establish the mode of each 4265 prior to “main body” pro- 
gram initiation. The mode selection is accomplished with the 
accumulator operand of the WMP command. 


MODE DEFINITION AND TIMING 


Detailed Description of Operating Modes 


Table 1 provides a listing of the basic operating modes and 
the appropriate port configuration as determined by the 
Accumulator value sent to the 4265 during execution of the 
WMP instruction. A description of each mode is found in the 
following sections. 


4265 


Table 1. Detailed Description of 4265 Operating Modes. 


Mode| Pore [Port | Port 


0 


Corman a 


"1 


12 


13 


Input port, unbuffered 


Unbuffered input port 


Input port, unbuffered 


Bi-directional; Outputs 
enabled by signal ZQ; 
When enabled output 
assumes value loaded 
by WRO. 


Bi-directional; Output 
enabled by signal Z0; 
When enabled output 
assumes value loaded 
by WRO. 


Bi-directional; Outputs 
enabled during WR1 
cycle. Output 

assumes value loaded assumes value loaded 
by WRO. by WR]. 


Guffered output por 
Unbuffered input port 


Input port, unbuffered 


Bi-directional; Outputs 
enabled by signal Z0; 
When enabled output 
assumes value loaded 
by WR1. 


Bi-directional; Outputs 
enabled by signal Z0; 
When enabled output 
assumes value loaded 
by WR1. 


Bi-directional; Outputs 
enabled during WR1 
cycle. Output 


Buffered output port 


Buffered output port 


Buffered output port 


Buffered input port, 
loaded by signal Z0. 


Buffered input port, 
loaded by signal ZO. 


Buffered input port, 
loaded by signa! Z0. 


Buffered output port, 
loaded by SRC in- 
structions—contains 
upper 4bits of SRC 
data. 


Buffered output port, 
loaded by SRC in- 
structions—contains 
upper 4bits of SRC 
data. 


All outputs disabled, All outputs disabled, All outputs disabled, 
data saved. data saved. data saved. 

Previous informa- Previous informa- Previous informa- 
tion restored. tion restored. tion restored. 


Buffered output port 


Buffered output port 


Buffered input port, 
loaded by signal 21. 


Buffered input port, 
loaded by signal 21. 


Buffered output port, 
loaded by SRC in- 
structions—contains 
lower 4bits of 

SRC data. 


Buffered output port, 
loaded by SRC in- 
structions—contains 
fower 4bits of 

SRC data. 


Buffered output port 


Buffered output port 


Buffered output port 


Buffered input port, 
loaded by signal 22. 


Bi-directional; Outputs 
enabled at any WR 
instruction; input 

port unbuffered. 


Bi-directional; Outputs 
enabled by signal 20; 
Inputs loaded by 
signal 21. 


Bit 0 
Asynchronous input 


used to enable data 
out on Ports W, X. 


Synchronous output. 
Normally at Vss; 
goes to Vpop 4 during 
execution of WR 1. 


Output signal nor- 
mally at Vss; goes 
to Vpop1 during 
WRO. 


Input signal used 
to load Port W 
asynchronously. 


Port Z 
input port, unbuffered 


Bit 2 Bit 3 

Output signal which 
is normally at Vs. 
Goes to Vpp1 on 
trailing edge of Z1 
and remains at Vpp4 
until execution of 
RD1. 


Bit 1 l 
Asynchronous input l 
used to load data to l 
Port W, X input 
buffers. | 


Output signal which | 
is normally at Vss. 
Goes to Vpp 1 on | 
execution of WR 1. | 
| ReturnstoVsson_ | 
| trailing edge of ZO. l 
| | 
| 

| 


Unassigned. Line is 
an output and can 


Synchronous output. 
Normally at Vcc; goes 
to Vpp1 during WR2 | _ be set with WRM. 


instructions. | Normally at Vgs 
| | after mode 3 set. 


Synchronous output. | 
Normally at Vsg; goes | 
to Vpp1 during RD1 | 
instructions. | 


Buffered output port 


Buffered output port 
Buffered output port 
Buffered output port 


Output signal nor- 
mally at Vgs; goes 
to Vpp during 
WR 1. 


Output signal nor- 
mally at Vos; goes 
to Vpp 1 during 


Input signal used 
to load Port W 
asynchronously. 


Input signal used 
to load Port W 
asynchronously. 


Output signal nor- 
mally at Vss; goes 
to Vpp1 during any 
WR instruction. 


Asynchronous 
input used to 
enable data out 
on Port Y. 


All outputs disabled, 
data saved. 


Previous informa- 
tion restored. 
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Output signal nor- 


| mally at Vgs; goes 
| to Vpp1 during 
WR2. 


Output signal nor- 
mally at Vss; goes 
to Vop1 during 


Unassigned output. 
Normally at Vss 
after mode 8 set. 


UAassigned output. 
Normally at Vss 
| after mode 9 set. 


WR1 | WR2. 
Input signal used Output signal nor- | Unassigned output. 


load Port X 
asynchronously. 


Input signal used 
to load Port X 
asynchronously. 


Output signal nor- 
mally at Vgg; goes 
to Vpp1 during any 
RD instruction. 


Asynchronous 
input used to 
load data to 
Port Y input 
buffers. 


All outputs disabled, 
data saved. 


Previous informa- 
tion restored. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


mally at Vss; goes 
to Vpp during 
WR2. 


Input signal used 
to load Port Y 
asynchronously. 


Output signal 
which is loaded 
with address bit 
corresponding to 
WR or RD 
operation. 


Output signal nor- 
mally at Vgg; goes 
to Vop; on 
execution of WR 
instruction. Returns 
to Vsg on trailing 
edge of Z0. 


All outputs disabled, 


data saved. 


Previous informa- 
tion restored. 


Normally at Vss 
after mode 10 set. 


Unassigned output. 
Normally at Vos 
| after mode 11 set. 


Output signal 
which is loaded 
with address bit 
corresponding to 
WR or RO 
Operation. 


l Output signal nor- 
mally at Vgs; goes 

| to Vpp1 On trailing 

| edge of 21 and re- 

) mains at Vop1 

l until execution of 
RD instruction. 


| All outputs disabled, 
data saved. 


Previous informa- 
tion restored. 


a. Reset Mode — Mode 0 


WMP Operand — 0000 


Mode Description: The Reset Mode provides for a program- 
mable reset. Reset will clear all 1/O buffers; however, reset 
will not clear the chip select flip-flop. Hence, the 4265 
will remain selected and enabled after a programmable re- 
set. A negative 1 level (Vpp) on the RESET pin will cause 
a response similar to the Reset Mode. The only difference 
is that the 4265 will be enabled but deselected. 


Port Description: Ports W, X, Y, and Z are unbuffered in- 
put. Hence, they can be read with RDO-3, transferring the 
state of the port lines into the accumulator. A positive “1” 
(Vss) will appear in the accumulator as a negative true “1” 
(Vpp). Port Y will also respond to the RDM, SBM and 
ADM instructions. 


. 8-Bit Asynchronous !/O Mode with Input — Mode 1 
WMP Operand — 0001 


Mode Description: The 8-bit !/O mode is used to transfer 
bi-directional data bytes between the MCS-40 and the 
peripheral circuits. Four control lines (Port Z) allow an 
asynchronous information transfer. Two signals are asso- 
ciated with the input function and two with the output 
function. Port Y is defined as an unbuffered input. 


Port Description 


Port W, X These two ports are combined to transfer 
8-bits of [/O under asynchronous con- 


trol of Port Z. Port W will be loaded 


4265 


Port Y 


Port 2 
20 


Ze 


OA 


Ol 


with a WRO and Port X will be loaded 
with WR1. The WR1 will initiate the 
write ‘“‘handshake’’ on Port Z. When the 
two ports are interrogated, a sequential 
RDO and RD1 will cause the IA line to 
be deactivated. 


This port is an unbuffered input, inter- 
rogated with an RD2, RDM, ADM or 
SBM instruction. 


Output acknowledge to the 4265 from 
the users logic. This signal is activated 
by the users logic (made negative) in 
response to the Ol signat. The OA signal 
will enable the 4265 output buffer onto 
Ports W and X. It should be sufficiently 
long to allow the transfer. 


Output initiate from the 4265. 

This signal will be generated when Port 
X has been loaded via a WR1. Port W 
and Port X should be loaded in the WRO- 
WR1 sequence. When the OI signal is 
active, the external device will request 
data with the OA. The trailing edge of 
OA will cause the 4265 to remove the 
Ol. If no OA response is received, Ol 
will be active until the next WRO, where 
it will be removed until the next WR1. 


READ PORT 
WITH RD, - 


DATA BUS 


OUTPUT BUFFER CREATING 


Figure 1. 4265 Mode 0 Timing. 


8-33 


ENABLE IF 
RD 


FLOATING 


4265 


te Fa a a SS SS 


21 iH Input initiate to the 4265 from the users 
logic. The signal will be used as a strobe 
signal to latch the 8-bit contents of the 
Port W, X lines into the respective buf- 
fers. Data is transferred on the negative 
to the positive transition. This transition 
will cause the IA signal to be set. 


Z3 IA Output from the 4265. 
The IA signal will transition to the posi- 
tive state when an RD1 command is ex- 
ecuted. This indicates that the processor 
has interrogated Port W, X buffer. The 
processor should read the data in the se- 
quence of RDO followed by an RD1. 


c. 8-Bit Asynchronous |/O Mode with Output — Mode 2 
WMP Operand — 0010 


Mode Description: Same as for Mode 1, except Port Y isa 
buffered output port. 

Port Description: Port W, X, Z; same as for Mode 1. Port 
Y: This port isa buffered output port which can be loaded 
with a WR2 instruction and can be read by an RD2, RDM, 
ADM, and SBM. 


| INST. #1 | WR, | 3 


SYNC EXECUTED 
Vop 


RD, 
| WR, | RD, | 6 | 
EXECUTED EXECUTED 


DATA LATCHED IN PORT W x WRO-X2-¢2 NEW DATA LATCHED 


Olt (4265 GENERATED), Z, 


OA (USER GENERATED), Z, 


W, X OUTPUTS . FLOATING 


INPUT STROBE, 
Il (USER GENERATED), Z, 
DATA LOADED 


1A (4265 GENERATED), 2, 


W BUFFER TRANSFERRED 
TO D BUS 


X BUFFER TRANSFERRED 
TO D BUS 


DATA BUS OUTPUT FLOATING 


DATA LATCHED IN PORT X WR1-X2-¢2 K NEW DATA LATCHED 


ENABLED FLOATING 


| 
RDO-X2-62 
RD1-X2-92 Lo 
é FLOATING eB FLOATING 
ENABLED 


Figure 2. 4265 Modes 1 and 2 Timing. 
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d. 8-Bit Synchronous !/O Mode with Output — Mode 3 Port Z 
WMP Operand — 0011 20 


Mode Description: This mode is functionally similar to 
Modes 1 and 2 in terms of its byte transfer feature. How- 
ever, the transfer control is synchronous. Port W, X are 
buffered outputs or unbuffered inputs, depending on the 
direction of transfer. Port Z provides the synchronous 


strobe control. Port Y is a buffered output port. 21 


Port Description 


Port W, X These two ports are combined to trans- 
fer bi-directional 8-bit information under 
synchronous control. Output data should 
be loaded into Ports W, X with the WRO- 
WR1 sequence. The input of informa- 
tion should be sequentially read with an 
RDO followed by an RD1. 


Port Y This port is a 4-bit output port. Infor- Z2 


mation is valid during the output strobe 

of a WR2 command. The output strobe 

is the Z2 line of the Z port. This port 

may also be read with an RD2, RDM, Z3 
ADM and SBM. 


OS 


YS 


Output strobe from 4265. 

This line is valid during a WR1 com- 
mand. Information from the output buf- 
fers of Ports W and X is present at Ports 
W and X output lines only during the 
signal. 


Input strobe from 4265. 

This line is valid during an RDO com- 
mand. Information is taken off the Port 
W, X lines and is latched in the Port W, 
X buffers. The RDO will read the infor- 
mation pertaining to Port W. RD1 will 
input information pertaining to Port X. 
The ports must be read by RDO followed 
by an RD1. Data will be latched in the 
W and X Ports with the RDO. Informa- 
tion should be valid at the trailing edge 
of IS. 


Port Y output strobe from the 4265. 

This line is valid during a WR2 com- 
mand. Information will be valid at the 
Port Y output buffer during this strobe. 


This line is not used. It can be bit set/ 
reset under program control. 


2 | | | | | | | | | | 
PORT X LOADED WR1-X2-¢2 | | 
ENABLED FLOATING 
OUTPUT STROBE, Z, | WA1-X3 | 

W BUFFER TRANSFERRED RDO-X2-ay 

TO D BUS ”2 
X BUFFER TRANSFERRED RD1-X2-75 

TO D BUS 


W, X OUTPUTS 


(PROVIDED BY 4265) FLOATING 


INPUT STROBE, Z, RDO 


DATA BUS OUTPUT FLOATING ENABLED 


PORT Y LOADED | WR2-X2-¢2 
OUTPUT STROBE, Z, | WR2-X3 | 


OUTPUT PORT Y ANY 


FLOATING 


TRUE 


Figure 3. 4265 Mode 3 Timing. 
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e. Four Port Programmable !/O Modes — Modes 4-7 
WMP Operand — 0100-0111 


Mode Description: These modes consist of four combina- 
tions of static buffered outputs and unbuffered inputs. 
When combined with the Reset Mode, all combinations of 
inputs and outputs on four ports are possible. 


Port Description: The following five modes have static 
buffered outputs (0) or unbuffered inputs (1). 


WMP Port: W xX Y Z 
0100 0 0 0 0 
0101 | 0 0 0 
0110 | | 0 0 
0111 | | | 0 

| | | | 


0000 (reset mode) 


Those ports of Y and Z designated outputs are subject to © 
bit set/reset capability. All output buffers may be read 
with the respective RDx (RDO-RD3). Port Y will respond 
to RDM, ADM and SBM in addition to RD2. 


X99 
LOAD PORT 
WITH WR, 
PORT OUTPUT ANY TRUE 


READ PORT Xo. 
2°2 
WITH RD, 
DATA BUS ENABLE IF 


Figure 4. 4265 Modes 4-7 Timing. 
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. Three Port Programmable !/O Mode with Synchronous 
Output and Asynchronous Input Port — Modes 8-11 


WMP Operand — 1000-1011 


Mode Description: Each 4-bit port can be configured as a 
buffered input or buffered output port and each has its 
own control line for synchronizing data transfers. As an 
example, if in Mode 8, when the processor executes a WRO 
instruction, 4-bits of data are transferred to the Port W 
output buffer and subsequently to the Port W output 
lines. Output Strobe ZO serves as a data valid signal which 
can be used by external logic to latch the data. In Mode 
11, Input Strobe ZO is used to latch the 4-bit data appear- 
ing on the Port W lines into the Port W input buffer. The 
Input Strobe is user generated. 


2 


DATA LATCHED 
IN OUTPUT BUFFERS 


Port Description: The following five modes have syn- 
chronous outputs (0) or asynchronous inputs (1): 


WMP Port: W Xx Y ZO 21 22 23 
1000 0 0 0 W Ww W Xx 
1001 | 0 0 R Ww W x 
1010 | I 0 R R W X 
1011 | | | R R R X 
Where: R = input strobe independent of instruction 


executed 
W = output strobe (WRO-2) from 4265 
X = not used 


Port Y will respond to RDM, SBM and ADM in the same 
way as an RD2. Z3 is unused and may be bit set/reset. All 
output buffers may also be read with the respective RDx. 


X2-¢2-WRX 


OUTPUT STROBE x 
FROM 4265 3 


OUTPUT DATA 


————_4 
INPUT STROBE 


TO 4265 


—— 
—— 


INPUT 
BUFFER 


DATA LATCHED 


READ PORT | X2-52 | 
WITH RDX 


DATA OUTPUT 


BUFFER ENABLE FLOATING 


Figure 5. 4265 Modes 8-11 Timing. 


ENABLED IF 
RD 


8-37 


FLOATING 


4265 


g. 4-Bit 1/O with 8-Bit SRC Address and 4-Bit Synchronous 


Control Port — Mode 12 
WMP Operand — 1100 | 


Mode Description: In this mode, the most recent 8-bit 
SRC operand is displayed on Port W and X. The 4265 
will treat all SRC instructions as being valid as long as the 
CM-RAM line for this 4265 has been selected by an appro- 
priate DCL (Designate Command Line) instruction. Ports 
W and X will change each time they receive an SRC and 
CM-RAM. The 4-bit data port (Port Y) will perform bi- 
directional synchronous |/O. The port output buffer may 
be loaded with a WRO-3 and the port input buffer will be 
read with RDO-RD3, ROM, SBM or ADM. The control 
port will provide mutually exclusive input or output strobes 
depending on the current instruction. Two of the control 
lines may be used for device selection. This mode can be 
used to interface up to 1K of external storage (RAM-2111, 
4101, 5101) or a multitude of external 1/O devices. Once 
this mode is programmed, all SRC values will not be 
treated as 4265 selection or deselection instructions. 


Port Description 


Port W, X This port will display the most recent 
SRC and will be altered with each 
SRC when selected. Otherwise, the out- 
put is static. 

Port Y This is a bi-directional data port that 


will latch data with a RDO-RD3, RDM, 
ADM, and SBM. The port will output 
data with a WRO-WR3. 


SRC DATA VALID 
AND LATCHED PORT W 


SRC DATA VALID 
AND LATCHEDO PORT X 


MEMORY EXPANSION 


ADORESS - 23,29 eed 


Port Z 

ZO GS Output strobe from 4265. 
Active during WRO-WR3. Data will be 
valid during this strobe. 

Z1 IS Input strobe from 4265. 
Active during RDO-RD3, RDM, SBM, 
and ADM. The leading edge of this strobe 
will cause the user to provide valid data 
to be latched by Port Y by the trailing 
edge of IS. 

22, 23 2-bit address port used for memory or 


device selection. 

Both lines will be preset to 00 by selec- 
tion of this mode. They will retain the 
value of the previous RDx or WRx in- 
struction so that each selection can re- 
spond to RDM, SBM and ADM. If, for 
example an !/O sequence consists of an 
RD3 followed by an ADM, Z3 and 22 
will be at 11 state by the RD3 and re- 
main in that state for the ADM com- 
mand. If the third 1/0 command is a 
WRO, the Z3 and Z2 will be placed to 
the 00 state. 


Effect of RDx and WRx Instructions: 


Z3 2 

0 0 RDO, WRO 

0 1 RD1, WR1 

1 0 RD2,WR2 

1 1 RD3, WR3 

No Change RDM, ADM, SBM 


(Positive True) 


SRC-X2-02 TRUE 


ANY SRC-X3-03 TRUE 


00 IF RDO, WRO 10 IF RD2, WR2 
01 1F RO1, WR1 11 1F RD3, WR3 


TRUE 


WEITE TO WRX-X2-92 
PORT Y ; 
OUTPUT STROBE WRX-X3 
OS, Zo 


PORT Y OUTPUT BUFFER 


(FROM 4265) FLOATING 


DATA ENABLED FLOATING 


INPUT STROBE RD-x2 
1S, 24 


DATA BUS OUTPUT 


BUEFER FLOATING 


Figure 6. 4265 Mode 12 Timing. 
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ENABLED 
IF RD FLOATING 
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h. 4-Bit 1/O Mode with 8-Bit Address Port and 4-Bit i. Disable/Enable 


Asynchronous Control Port — Mode 13 

WMP Operand — 1101 

Mode Description: This mode is functionally similar to 
Mode 12. Port W, X are loaded with the SRC value. Port Y 


is a bi-directional data port. Port Z is a 4-bit asynchronous 
control port similar to Mode 1 and 2. 


Port Description 


Port W, X Same as Mode 12. 

Port Y Bi-directional port similar to Port W and 
Port X in mode 1. 

Port Z 

ZO OA* Output acknowledge to 4265. 

Z2 ol* Output initiate from 4265, active during 
WRx. 

Z1 l* Input initiate to 4265. 

Z3 |A* Input acknowledge from 4265 active 


during RDx, RDM, ADM or SBM. 


*Refer to Mode 1, Port Z. Note that in mode 13, Port Z controls 
data transmission in Port Y, not Ports W and X. 


SRC DATA VALIO 
AND LATCHED PORT W 


SRC DATA VALID 
AND LATCHED PORT X 


WMP Operands 1110 and 1111 do not cause mode change; 
they disable or enable the 4265 GP {/O. 


WMP 1110 - chip disable: 

a. All output buffers are disabled - 1/O lines are in float- 
ing conditions. 

b. The 4265's status (mode, chip select FF, data buffers) 
is not changed. Hence: 

1. Previous buffered inputs can be read by the CPU 
from designated ports (a disabled 4265 cannot have 
its input buffers loaded). 

2. Data on unbuffered inputs can be read directly from 
external lines. 

3. Previous buffered outputs can be changed on desig- 

nated ports. 
. Bit set/reset can be initiated. 
Any mode change can be initiated. 
6. The chip can be deselected by an SRC or by a 
RESET signal. 


WMP 1111 - chip enable: 
Restoration of normal operation, according to existing 
mode. 


oa 


Note: When the 4265 is transferred from reset mode to 
any other mode, the chip is automatically enabled, so that 
no programmed enabling is required after reset. 


TRUE 


SRC-X3-93 TRUE 


WRITE TO WRX-X2-02 
PORT Y 


O1 (4265 GENERATED), Z, 


OA (USER GENERATED), Z, 


W, X OUTPUTS FLOATING 


INPUT STROBE, 
11 (USER GENERATED), Z, 
DATA t.OADED 


1A (4265 GENERATED), Z, 


ENABLED 


FLOATING 


ae 


X BUFFER TRANSFERRED RD1-X2-45 
TO D BUS 


DATA BUS OUTPUT FLOATING 


Figure 7. 4265 Mode 13 Timing. 
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ENABLED 


FLOATING 
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An unselected 4265 can have its input buffers loaded by a Bit Set/Reset Operation 
user generated strobe if it is in a buffered input mode. A dis- 
abled 4265 cannot have its input buffers loaded. Execution 
of a RDx instruction will result in transfer of the contents 
of the appropriate input or output buffer for a previously 
buffered port regardless of whether the 4265 is enabled. If 
the input was previously unbuffered and the 4265 is dis- 


abled, the contents of the port I/O lines will be transferred to 
the CPU with an RDx. DISABLE and ENABLE do not cause | p3 | D2 | D1 | Do | 


This function is performed by decoding the accumulator 
operand of the WRM instruction. This function can be 
used in any output port of the programmed configura- 
tions and allows individual bit control on Ports Y and Z. 
Decoding of the WRM operand is as follows: 


a change from a previously designated mode. 1 = Set. 0 = Reset 
4265 States After Reset and Mode Change Bit Selection 000 — YO 
A reset 4265 is automatically enabled and is in Mode O. If ia 7 e 
reset occurs by means of external RESET signal, the 4265 011 7 _3 
will also be deselected. Any mode change which changes Port 100 7 70 
Z to a control port will reset the Port Z output buffers to 101 7 71 
their “‘off’’ state (Vss). Za and Z3 in mode 12 are an excep- 110 7 79 
tion in that these lines go to an inactive state of Vpp;. Note 111 7 73 
that Port Z is a control port in all modes except modes 4-7 - 
and RESET mode. Any mode change which leaves Port Z in Care should be taken when bit setting and resetting con- 
a non-control port will leave Port Z output buffers in their trol bits of Port Z as these bits will also be changing as a 
previous state. function of their synchronous or asynchronous control 


functions. 


4265 I/O Instructions 


Table 2 provides a summary of MCS-40 |/O instructions 
used with the 4265. 


BIT SET/RESET BIT SET/RESET; BIT DESIGNATED BY WRM OPERAND | a WRM-X2-62 


\ 


BIT CHANGED : x 


Figure 8. Bit Set/Reset Operation Timing. _ 
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Table 2. 4265 I/O Instruction. 


Hex OPR OPA DESCRIPTION OF OPERATION 
Code MNEMONIC) 0 nb, 0,0, 0, D, 
Mode Independent Operations 
E0 WRM 1110 0000 The port Y or port Z bit designated by D; D, D, of the accumulator 
is set or reset according to D, (1=set, O=reset). (1! 
Et WMP 1110 0001 Sets the mode ofthe 4265 to the value contained inthe accumulator. {2! 
Mode Dependent Operations 
Mode Mode Mode 
1-3 0, 4-11 12 and 13 
2- SRC 0010  RRR1_ For modes 0-11, the contents of register pair ( RRReven > 
RRR are used to select the 4265 chip (first two Port W 
bits of first register will contain 10 or 11, (RRR )—> 
depending on chip address) Port X 
E4 WRO 1110 0100 = °#£(ACC)—> (ACC)— (ACC)— 
Port W Port W!1! Port Y 
E5 WR1 1110 #0101 (ACC)— (ACC)— (ACC)— 
Port X Port Xx!" Port Y 
E6 WR2 1110 0110 = ° (ACC)— (ACC) (ACC) 
Port Y "1! Port Y!1) Port Y 
E7 WR3 1110 #014141 —_ (ACC)— (ACC)—> 
Port Z [1.3] Port Y 
EC RDO 1110 #4100 ~~ (Port W)- (Port W)— (Port Y)> 
ee ACC ACC ACC 
ED RD1 1am Ce ie © aa vas 0 (Port X)— (Port X)— (Port Y)—> 
ACC ACC ACC 
EE RD2 1110 #414410 ~~ (Port Y)— (Port Y)— (Port Y)> 
ACC ACC ACC 
EF RD3 aie ie ae Shed (Port Z)— (Port Z)— (Port Y)— 
ACC ACC ACC 
E9 ROM 1110 #1001 (Port Y)> (Port Y)—> (Port Y)> 
ACC ACC ACC 
EB ADM 1110 1011 (Port Y)+(ACC) (Port Y) +ACC (Port Y)+ACC 
+ CY—ACC +CY—ACC + CY->ACC 
E8 SBM 1110 #1000 = (ACC)-—(Port Y) (ACC) —(Port Y) (ACC) —(Port Y) 
—CY—ACC —CY—ACC —CY—ACC 


NOTES: 

1. Action if Port is designated as Output Port; otherwise, no action. 

2. WMP 1110 disables all 1/O ports. WMP 1111 enables all 1/O ports. In both cases, the mode is not changed. 
3. No action in Modes 8-11. 
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Absolute Maximum Ratings* 


Ambient Temperature Under Bias 
Storage Temperature 
Input Voltages and Supply Voltage 

with respect to Vss 


+0.5V to -20V 
1.0 Watt 


*COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


Power Dissipation 


eevecvevreeve eee eee ewe eee meee eH oe oH He eee oO 


D.C. and Operating Characteristics 

Ta = 0°C to 70°C; Vsg -Vpp = 15V 5%; tgepw = tgp1 = 400nsec; tgp2 = 150nsec; Vop1 = Vss -5V; Logic ‘’0” is defined 
as the more positive voltage (Vin, Von); Logic “1” is defined as the more negative voltage (Vi, VoL); Unless Otherwise 
Specified. 


SUPPLY CURRENT 


Parameter 


Supply Current 


INPUT CHARACTERISTICS 


OUTPUT CHARACTERISTICS 
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CAPACITANCE 


Symbol | Parameter =| Min. | Unit | Test Conditions 

| Coowenon | «Yt 

a 

c «dy GM ReSeT. sync | | 
Cuxy | WOPoewxY | 
ae 


Cz 1/O Port Z 


Ra 
other pins at Vss. 


SUPPLY CURRENT — mA 
nN 
ros) 


TEMPERATURE — °C 


4265 


A.C. Characteristics 
Ta = O°C to 70°C, Vsg -Vpp = 15V +5%. 


Symbol Parameter Min. Typ. Max. Unit Conditions 


Clock Period — - 1.35 2.0 | usec 
Clock RiseTime | 50 ns 

Clock Fall Time - —_ | = ns 

Clock Width ae 380 ns | 
Clock Delay ¢; to ¢2 - (Gee 550° . ns _ 
Clock Delay $9 to $4 ik 150 ns | 
Data-In, CM, SYNC Write Time 350 ns 
Data-In, CM, SYNC Hold Time | 40 ih ns al 
Set Time (Reference) 0 ns 


rs 


tacc Data-Out Access Time Cout = 


Data Lines 930 ns 500pF Data Lines 


in | Data-Out Hold Time [50 | 150 | ons | Coury = 20pF 


1/O Ports (Cport w.x,y = 100 pF, Cport z = 50 pF) 


ty Input Hold Time nsec W,X Modes 1,2 Port Y Mode 13) 


tposr Bit Set/Reset Settling Time nsec 


950 | nsec 22,23, Modes 1,2,13 [2] 
nsec Modes 1,2,13 
nsec Modes 9,10,11 (4265 generated) 


tpol/IA OI,IA Delay Time 


tpwii Il Width 
tpwis IS Width 


Notes: 1. tpg: all output ports, modes 4-10; Y port, modes 2, 3. 
2. tool/IA: the maximum delay of any OI, !A edge with respect to its generating signal (strobe edge, clock edge, etc.). Refer to Figure 11 
for generating signals and timing diagram. 


tiso 700 | 450 | Te | aan Input 
tist Buffered Inputs (Ports 
Input Hold Time [nsec _| 
| Bit Set/Reset Settling Time | nsec | 
[nsec 
[nsec 
[nsec | 


© 
© 
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X, A, A, A; M, M, X, XS x 
OPA (4004) IF 1OR 
AC (4040) PORT/RAM 
DATA BUS CPU CPU CPU ROM ROM CPU ELSE CPU CPU 
ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED 


oy 


2 


SYNC 


CM-RAM, ROM 


Figure 9. Timing Diagram. 


top2—», [x— [asl 1), $9 10% 
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PROGRAMMABLE KEYBOARD DISPLAY DEVICE 


Display Features: 


Keyboard Features: 


Programmable to Interface to Encoded 
Keyboard (8-bit code), 64-Key Scanned 
Keyboard (expandable to 128 keys) or 
Sensor Matrix (64 sensors) 


8 Character FIFO Character Buffer (or 
RAM in Sensor Mode) 

2 Key Rollover and Key Debounce 
External Interrupt Line to Indicate 


When a Character Has Been Entered in 
Character Buffer 


to a gas discharge alphanumeric display. 
The 4269 Programmable Keyboard Display (PKD) relieves the 4004 or 4040 CPU from continuously scanning a switch array or 
refreshing a display under software control. This greatly expands the CPU throughput. The 4269 can scan up to an 8x 8 
keyboard or sensor matrix (or a 2 x 8 x 8 keyboard with the use of the shift or control key input). The display portion can 
continuously refresh either asingle 16 x 8 alphanumeric display; a single 8 x 8 alphanumeric display; a dual 16x 4 digit display; a 
single 32 x 4 digit display; a 16 x 6, 18 x 6 or 20 x 6 alphanumeric gas discharge display such as the Burroughs Self-Scan*; oran 
array of 128 indicators. 


*Self-Scan is a registered trademark of the Burroughs Corporation. 


4269 


Programmable to Interface to 
Individually Scanned Displays or 
Burrough’s Self-Scan* Drive (16, 18, or 
20 Characters) 

Two 16 x 4 Display Registers 
Recirculated Synchronously with 
Keyboard Scan Lines to Give Automatic 
Display Refresh 

Display Registers Loadable and 
Readable Selectively or Sequentially 


40 Pin Dual In-Line Package 


Standard Operating Temperature 
Range of 0° to 70°C 

Also Available with -40°C to +85°C 
Operating Range 


The 4269 has two separate and distinct sections: the keyboard section and the display section. The keyboard section can 
interface to a range of devices from a matrix of toggle or thumb switches such as found on an instrument panel up to a full 
typewriter style keyboard. The display section can interface to a range of devices from an array of individual LED indicators up 


PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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PIN DESCRIPTION 


Pin No. Designation Function 


37-40 


5-6 


17-24 


25 


12-15 
7-10 


34-28 


35 


16 


DO-D3 


1-2 


RESET 


Vss 


Vpp 


SYNC 


CM 


S0-S7 


RS 


A0-A3 
BO-B3 


RO-R7 


SHIFT 


INT 


Bi-directional data bus. All address, 
instruction and data communica- 
tion between the CPU and the PKD 
are transmitted on these 4 pins. 


Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 


RESET input. A low level (Vpp) 
applied to this input resets the PKD. 


Most positive supply voltage. 


Main power supply pin. Value must 
be Vss - 15V +5%. 


Synchronization input signal driven 
by SYNC output of the CPU. 


Command input driven by a CM- 
RAM output of processor. 


These pins are scan outputs which 
are used for driving either the key 
switch or sensor matrix and/or for 
strobing the display digits. Each line 
is mutually exclusive, active high 
(Vss), Open drain. 


The RS pin is toggled for each 
complete scan of the S drive. This 
allows for the scan of 16 digits of 
display data. RS=Vss for the last 8 
digits. This line is open drain. 


These two ports provide two 16 x 4 
recirculating display register 
outputs which are synchronized to 
the S drive scan. In the gas 
discharge display mode, A3 is reset 
and A2 is the clock to the gas 
discharge display. The 16, 18, or 20 
recirculating data characters (6 bits 
wide) are not synchronized with the 
S drive scan in the gas discharge 
mode. These lines are active high. 


These pins are the return sense in- 
puts which are connected to the 8 
drive lines via the scanned key or 
sensor matrix. They are pulled to a 
low state (Vpp) in the sensor mode, 
pulsed low (Vpp) in the scanned 
keyboard mode, and pulled high 
upon switch closure. They are float- 
ing in the encoded keyboard mode. 


This is the shift input. It is active 
high (Vss). This pin is functional 
only in the scanned keyboard mode. 


This output is used to indicate when 
a keyboard or sensor character has 
been entered into the buffer. It is 
active low (Vpp:), Open-sourced 
and may be “OR” -ed with other 
4040 interrupt inputs. 
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Pin No. Designation Function 


11 Vpp1 Supply voltage for display register 
ports A and B and INT. 
36 S/C This pin is the control key input from 


the keyboard in the scanned mode. 
In encoded keyboard mode, this pin 
is used to input the strobe pulse 
from an external keyboard encoder. 
The strobe is an active high pulse. 


FUNCTIONAL DESCRIPTION 


General 

The 4269 Programmable Keyboard/Display (PKD) device 
provides an intelligent interface between an MCS-40 CPU 
and the keyboard and display portions of an MCS-40 
design. The 4269's functions thus allow the use of 
sophisticated keyboards and displays without placing a 
large load on the CPU. 


The MCS-40 data bus will provide the path for information 
transfer between the PKD and the 4040 or 4004 CPU. The 
PKD can be programmed to operate in one of three input 
modes and one of four output modes as defined by an 
instruction from the CPU. The modes are: 


Input Sensor, Scanned 
Keyboard, Scanned 
Encoded Keyboard 
Output Individually Scanned Display Drive 


Self-Scan Drive: 16 Characters 
18 Characters 
20 Characters 
The 4269 resides on a CM-RAM line of an MCS-40 system 
and has a fixed RAM address, #1. Hence, there can be up to 
four PKD per system without additional logic, one per CM- 
RAM. The PKD can be accessed with the MCS-40 I/O 
instruction set to interrogate the keyboard buffer 
FIFO/sensor RAM and load or read the display registers. 
The following is a list of the major keyboard features of the 
4269: 
1. Switch matrix, organized as an 8 x 8 scanned matrix with 
shift or control inputs allowing for up to 128 key inputs. 


2. Two key roll over; N-key roll over capability if provided by 
encoded keyboards. 

3. Eight character first-in-first-out (FIFO) character buffer 
(or RAM in the Sensor Mode). 


4. External interrupt line to indicate when a character has 
been entered in the buffer. 


5. Fixed key bounce delay of approximately 11 msec in the 
scanned keyboard mode @ 740 kHz MCS-40 clocks. 


6. Status buffer to indicate the number of characters in the 
keyboard FIFO and keyboard character over-entry. 

7. Sensor matrix interface with up to 64 intersections. 

The 4269’s major display features are: 

1. Two 16 x 4 display registers which are recirculated 
synchronously with keyboard scan lines (at a scan 


frequency of 180 Hz). This allows for a free standing, 
scanned readout composed of individual displays. 
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2. Capability to drive 16, 18, or 20 character gas discharge 
displays directly via a 20 x 6 display register. 


3. Registers are loadable and readable selectively or 
sequentially. 


Mode Selection 


The CPU communicates with the 4269 PKD by first 
selecting it with an SRC (Send Register Control) 
instruction. The first two bits of the index register pair 
referenced by the SRC contain 01, the binary address of the 
4269 on the CM-RAM line. The 4269 is disabled until it is 
addressed by a first SRC. After the first SRC, a WRO 
instruction is used to set the keyboard and display modes of 
the 4269 PKD. The CPU’s accumulator will contain the 
information used for setting the PKD modes. The definition 
of a WRO as used for a 4269 is given below: 


Mnemonic instruction Code 
WRO 1110 0100 


Set the input mode and output mode of the 4269 according 
to the value contained in the accumulator as follows: 


D3D> 


0 O Individual, Scanned Displays 

0 1 Gas Discharge, 20 Characters 
1 0 Gas Discharge, 18 Characters 
1 1 Gas Discharge, 16 Characters 


DiDo 


0 0 Sensor, Scanned 

0 1 Scanned Keyboard 

1 0 Encoded Keyboard, Not Scanned 
1 1 Not Used 


After the 4269 has been reset by the external RESET signal, 
the keyboard input mode is set to scanned keyboard mode 
and the display output mode is set to gas discharge, 16 
character mode. Thus, if these modes are the desired input 
and output modes, it is not necessary to execute the WRO 
mode setting instruction. 


Internal Display Registers and Pointer 


The 4269 has two 16x4 display registers referred to as Dis- 
play Register A and Display Register B. These two registers 
can be operated in the individual, scanned display mode as: 


. Two 16 x 4 hexadecimal displays; 

. One 32 x 4 hexadecimal display; 

. One 8 x 8 alphanumeric display; 

. One 16 x 8 alphanumeric display; or 
. An array of 128 indicators. 


Ah OND — 


In the gas discharge modes, the A and B registers are 
combined and operated as a 6 x 16, 6x 18 or 6 x 20 register. 
For a given 6-bit character, the least significant 4-bits will be 
located in a 4-bit B register location and the two most 
significant bits in D; and Do of the corresponding A register 
location. 


For operations on the display registers, the 4269 PKD 
maintains an internal display register pointer which points 
to a 4-bit character in the A or B display register. 


For the individual, scanned display mode, CPU 1/O 
instructions can be addressed to either Display Register A 
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or Display Register B, according to the register selected by 
an SRC instruction preceding the I/O instruction. The 
internal display register pointer can then be set or 
incremented for addressing characters in either the AorB 
register. 


For gas discharge modes, the internal pointer can be 
automatically incremented, in an alternating pattern 
between registers A and B. The alternation pattern is Ao, Bo, 
A, By, etc. 


In the individual, scanned display mode, the 4-bit 
characters of Display Register A are outputted on the Ao-A3 
lines. The 4-bit characters of Display Register B are 
outputted on the Bo-B;3 lines. In the gas discharge modes, 
the Ao-A; and Bo-B3 lines output the 6-bit character. The A2 
line serves as the clock to the gas discharge display and the 
A; line as the reset to the display. 


Synchronization of Scan and Return Lines 


In the scanned keyboard and scanned sensor modes a 
logical one is shifted through a field of zeros in eight 
Scan(S) lines. Each S Scan line can be used to source a row 
of eight keys or sensors. All rows of the contact keyboard or 
sensor matrix will be OR-tied to the eight Return (R) lines. 
Thus, since only one row will be enabled due to the 
synchronized ones in the Scan lines, each row of the 
keyboard or sensor matrix can be read into the Return lines 
and stored in the Keyboard FIFO/Sensor RAM at the proper 
RAM location. The 4269 will control all of these operations 
automatically once it is set to the appropriate keyboard 
mode. 


The Scan Lines are also used in the individual, scanned 
display mode to select one of eight display characters. The 
display character itself will be outputted on the Ao-A;3 or Bo- 
B; output lines. The RS output line, which is toggled for 
each complete scan of the S lines, allows one of sixteen Aor 
B register display characters to be addressed. Again, the 
4269 will automatically control the operation of the S and 
RS lines to continuously read out the characters in the 
4269’s internal A and B Display Registers and thus 
continuously refresh the actual display devices. 


Note that the Scan lines can be used with both the keyboard 
and display interfaces since both functions require the 
same function, i.e., asynchronized shifting of a logical one 
through a field of zeros. 


Software Operation 


The WRO operates on the 4269 PKD completely independ- 
ent of mode as it actually sets the mode as has already 
been described. The WR3 is mode independent except for 
a blanking code and operates as shown below: 


WR3 


Clears the keyboard/display logic and fills the display RAM 
with all blanks. The display outputs are also blanked. (Blank 
code is all logical “1’’s for individual, scanned display mode 
and hex 20 for the gas discharge modes.) 
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MODE SPECIFIC OPERATIONS 
Individual, Scanned Display Mode 


The instructions which are used in the individual, scanned 
display mode are described below: 


Mnemonic Instruction Code 
SRC 0010 RRR1 


The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted for individual, scanned display 
mode as follows: 


RRReven RRRoda 

D3D2D,;Do D3D2D;Do 
0100 =/n3nenino Selects one of 16 display register 
characters of Display Register A 
with A outputs continuing to output 
the contents of Display Register A 
synchronized with the S Scan lines. 


Selects one of 16 display register 
characters of Display Register B 
with B outputs continuing to output 
the contents of Display Register B 
synchronized with the S Scan lines. 


Selects one of 16 display register 
characters of Register A and places 
the A output lines at Vc< level 
(blank). Display RAM contents are 
not modified. 


Selects one of 16 display register 
characters of Register B and places 
the B output lines at Vc. level 
(blank). Display RAM contents are 
not modified. 


0101 N3N2N1No 


0110 n3n22nN;No 


0111 nN3n2N1No 


WR1 1110 0101 
Resets the internal display register pointer to 0 and forces 
display memory to blank state. Upper two bits of ACC select 
length of display as follows: 


D3 

O Display B is 16 nibbles deep. 
1 Display B is 8 nibbles deep. 
D2 

0 Display A is 16 nibbles deep. 
1 Display A is 8 nibbles deep. 
WRM 1110 0000 


Loads the contents of the register addressed by the internal 
display register pointer with the contents of ACC: then 
advances the displayed data by one digit in relation to the 
scan line timing and increments the display register 
pointer. 


RDM 1110 1001 


Loads ACC with the contents of the register addressed by 
the display register pointer and then increments the display 
register pointer. 


WMP 1110 0001 

Loads the contents of the register addressed by the display 
register pointer with the contents of ACC. 

RD3 1110 1111 


Loads ACC with the contents of the display register pointed 
to by the display register pointer. 
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ADM 1110 1011 


Adds the contents of the display register pointed to by the 
display register pointer to the accumulator with carry. 


SBM 1110 1000 

Subtracts the contents of the display register pointed to by 
the display register pointer from the accumulator with 
borrow. 


NOTES: 

1. If Display A or B is set to 8 nibbles deep, each digit of the display will have 
double the ON duty-cycle that it would have in the 16 nibble deep setting 
(360 Hz scan cycle vs. 180 Hz for 16 nibble deep). 

2. External resetting initializes the Display A and Display B configurations to 
16 nibbles deep and blanks the display outputs. 

3. The displayed nibbles in the 8 deep configuration will be from the least 
significant 8 characters of the display register. The remaining eight words 
remain available for random data storage by the CPU. 

4. The internal display register pointer will increment through all 16 register 
words, regardiess of the display length (8 or 16) for WRM/RDM 
instructions unless the pointer is reset by an appropriate SRC instruction. 
In the WRM case, the Display Register A or B’sentire contents (used and 
unused portions) will be rotated. 

5. An interface to a 32 x 4 hexadecimal display requires only that software 
recognize the A and B Display registers as the upper and lower halves of a 
single display. 

6. An interface to a 16 x 8 alphanumeric display requires that software load 
the upper and lower 4-bits in the A and B registers in an appropriate 
alternating pattern. SRC instructions will have to proceed each load or 
read instruction to select the A or B half of the character. 

7. If the LSD of a 16 character display is assigned to be the 15th character 
scanned (S7 = Vss and RS = Vss), and the MSD, the first character (#0) 
scanned (Sv = Vss and RS = Vpp), and if loading is started at display 
register character 0, successive WRM instructions will shift the display 
data from the LSD to the MSD as ina calculator. Note that data will then be 
read back MSD to LSD with the RDM instruction, starting at register 0. 


Gas Discharge Modes 
The instructions which are used in the gas discharge 
display modes are described below. 


Mnemonic Instruction Code 
SRC 0010 RRR1 


The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted for gas discharge modes as 
follows: 


RRReven 
D3D2D,Do 
0100 


RRRoad 
D;D2D;Do 


N3n2nino =Selects the nth display register 
character of Display Register A with 
display outputs continuing to out- 
put the contents of Display Reg- 


isters A and B. 


0101 n3n2n3no Selects the nth display register 
character of Display Register B with 
the display outputs continuing to 
Output the contents of Display Reg- 


isters A and B. 


Selects the nth display register 
character of Display Register A and 
blanks the A and B display output 
(with hex 20) with no modification of 
display RAM contents. 


01410 N3n2nN No 


O11 1 Selects the nth display register 
character of Display Register B and 
blanks the A and B display output 
(with hex 20) with no modification of 


display RAM contents. 


n3n2niNo 
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WR1 


Resets the internal display register pointer to Display 
Register A position 0 and forces the Display Registers to the 
blank code. 


Note: A WR1 should follow a WRO which changes the 
display mode. 


WRM 1110 0000 


Loads the contents of the display register location 
addressed by the internal display register pointer with the 
contents of ACC; then advances the displayed data by one 
digit in relation to the scan line timing, and increments the 
display register pointer. The display register pointer 
alternates between the A and B registers. 


RDM 1110 1001 


Loads ACC with the contents of the display register 
location addressed by the display register pointer and then 
increments the display register pointer. The display register 
pointer alternates between the A and B registers. 


WMP 1110 0001 

Loads the contents of the display register location 
addressed by the display register pointer with the contents 
of ACC. 


RD3 1110 1111 


Loads ACC with the contents of the display register 
location pointed to by the display register pointer. 


ADM 1110 1011 


Adds the contents of the display register pointed to by the 
display register pointer to the accumulator with carry. 


SBM 1110 1000 


Subtracts the contents of the display register pointed to by 
the display register pointer from the accumulator with 
borrow. 


NOTES: 


1. The alternation pattern of the display register pointer is Display Register 
A position 0, Display Register B position 0, Display Register A position 1, 
etc. 

2. The upper two (four) gas discharge characters, 16-17 (16-19), can be 
addressed only by incrementing the internal display register pointer 
above 15 by a WRM or RDM instruction in 18 (20) character gas discharge 
mode. If the internal display register pointer has been incremented above 
15, then these characters can be read or written by a RD3 or WMP 
instruction. 

3. Successive WRM commands will shift the output data (see gas discharge 
display output format below) one character forward in relation to the reset 
pulse. This will cause a wraparound shift left on the self-scan display. 
Hence, starting at register 0 and loading the display RAM will give aright- 
justified display — MSD first. 


A; A, A, Ag Bz By B, By 
[RST | etm | Os | Dy | D5 | 2 | Oy | Oy 
xX -% 1 0 0 0 0 0 


Figure 1. Gas Discharge Display Output Format. 


BLANK CODE: 


4. RDM will not cause any display shifting. The read order is MSD to LSD 
with the MSD stored in display register 0. 

5. If the display RAM is used as data RAM by the CPU, all4 bits of Register A 
can be read and written, i.e., the Az and Az RAM positions are not actually 
modified in the RAM. 
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Scanned Sensor Mode 


The instructions which are used in the scanned sensor 
mode are described below: 


Instruction Code 
0010 RRR1 


Mnemonic 
SRC 


The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted for scanned sensor mode as 
follows: 


RRReven RRRoda 


D3D2D:1D9 D3D2D);Do 


0 1X X n3n2n;X 1n3-n; indicates an 8-bit sensor 
group to be read. 
WR2 1110 0110 


Clears the FIFO/RAM logic and the INT line. 


RD1 1110 1110 


Loads into ACC the upper 4 bits of the 8-bit sensor RAM 
group previously addressed by an SRC instruction. 


RD2 1110 1110 


Loads into ACC the lower 4 bits of the 8-bit sensor RAM 
group previously addressed by an SRC instruction. 


NOTES: 


1. In this mode, the 4269 PKD will continuously input the 64 matrix 
intersections of the sensor into the FIFO/Sensor RAM, which is organized 
as a 64-bit RAM. 


2. The INT line will become active (Vpp1) and remain active whenever at 
least one intersection remains a logical one in the Sensor RAM. 


3. The sensor group number set by the SRC is loaded into the internal 
display register pointer. Display mode instructions which change the 
internal display register pointer thus change the sensor group address. 

Scanned Keyboard and Encoded Keyboard Modes 

The instructions which are used in the scanned keyboard 

and encoded keyboard modes are described below: 


Mnemonic Instruction Code 
SRC 0010 RRR1 


The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted as follows for scanned and 
encoded keyboard modes: 


RRReven RRRoad 
D3D2D;Dy D3D2D;Do 
O1XX XX X X SRC used only to select 4269. 


WR2 1110 0110 
Clears FIFO/RAM logic, the status buffer, and the INT line. 


RD1 1110 1101 
Reads the first nibble of the current FIFO register position. 


RD2 1110 1110 

Reads the second nibble of the current FIFO register 
position. FIFO register position is incremented to the next 
position. 


RDO 1110 1100 
Loads ACC with the FIFO status. 
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Notes: 
1. The 4-bit FIFO status contains the number of valid 


characters (0-8) in the keyboard FIFO. However, in the 
event of an overrun, i.e., more than 8 characters entered, 
the 4-bit status will be set to a value of 15. The first eight 
characters entered prior to the overrun character will 
remain in the FIFO until cleared. 


. When a character is entered in the FIFO, the INT output 
pin wil go to Vpp;. When a character is read, the INT will 
change from Vpp: to Vss (open) and back to Vpp; until 
the FIFO has been emptied. If a ninth character is 
inputted to the PKD before one complete character has 
been removed, the overrun status will be set. This will 
cause the INT line to remain active (Vpp;) even after all 
characters have been accessed. Overrun status can only 
be cleared by aWR2 or WR3 command (although the first 
eight FIFO characters can be read). This condition 
allows the user to detect an overrun condition if it occurs 
between the time the status buffer is checked and the 
time all characters have been read. It should be noted 
that an RD2 must be initiated after an RD1 to advance to 
the next FIFO word even if the second nibble is not 
desired. 

. For a 16-key Keyboard, successive RD2 instructions will 
be adequate for inputting the key code. 


DESIGN CONSIDERATIONS 
Display Modes 


General Remarks 


Each Display A and Display B output is capable of 
driving one standard TTL load. This is done by using a 
Vss = +5, Vop =-10V and Vpp: = GND. The Vpp: pin 
allows the PKD to interface to a variety of commercially 
available display arrays via a specified circuit. Gas 
discharge, phosphorescent, LED, and incandescent 
displays can all be used with a 4269. The interface 
requirements are determined by the selected display 
device. Current into each of the Display A and Display B 
output lines should not exceed 1.6mA. 


The two 16 x 4 Display Registers A and B provide 
information in hexadecimal positive logic conventions. 
Hence, a 0000, negative logic Vss on the data bus, will 
be 0000 (positive logic Vppi) at the A and B display 
output. (The above is equivalent to one level inversion 
between the data outputs of the PKD and the CPU 
accumulator.) 
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Note that since the PKD is at address No. 1 on the CM- 
RAM line and that since the last 2 bits of the even register 
pair of an SRC instruction cause blanking or unblanking 
of the display and modification of the internal display 
register pointer, that addresses 01XX are not available 
for addressing other I/O ports on the same CM-RAM line 
as the one containing the PKD. 


Individual, Scanned Display Mode 

The digit selection is achieved by using the eight scan 
lines, So-S7, and the display select line RS. The RS 
output is used to multiplex the eight scan strobes to give 
sixteen separate strobes for up to 16 digits of display. 


It should be noted that the LSD output position of both 
Display Registers A and B is gated out coincidently with 
So time of the scan register. Following digit positions are 
also coincident. This feature allows an interface to 8 x 8 
or 16 x 8 displays. For the first eight display digit 
positions, the RS output is at open drain. The remaining 
eight of the 16 digit positions are output sequentially 
with RS at Vss. Sufficient active on-time (Vss) is allowed 
at the scan strobe line (So-S7) to illuminate the displayed 
digit. Sufficient time is also allowed between segments 
to extinguish segment and prevent overlapped illumina- 
tion. If the 8 digit mode is selected with the WRt1 
instruction, the LSD will be gated out every So time — not 
every other time. 


For an aesthetic display transition, the display register 
outputs can be placed into the blank mode (all outputs to 
Vss) via an SRC during the loading of the display register. 
The outputs can then be unblanked via another SRC 
when the display register has been completely loaded. 


Gas Discharge Modes (Self-Scan) 

An approximate 100 usec period, 50% duty cycle clock 
will be provided to the gas discharge display. A reset 
pulse — one clock period long — will be generated every 
112th clock period for the 16/18 digit displays or every 
140th clock period for 20 digit displays. Character 
periods are either seven clock periods long (for 16 or 20 
character displays) or six clock periods long (for 18 
character displays). For either case, character data is 
valid for the first five clock periods of the character 
period. Character 0 (left-most digit) starts upon the 
rising edge of the reset signal. The blank code is A; = Vss 
and Ao, B3- Bo = Vpp1, with A3 and A2 providing reset and 
clock functions respectively. For the 18 character gas 
discharge display mode, the data outputs are blank for 
the 108th, 109th, and 110th clock periods. 
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Keyboard Modes 


Scanned Sensor Mode 


The sensor interface consists of two groups of eight lines, 
the scan strobe lines (So-S7) and the return sense lines 
(Ro-R7). Each scan strobe is used to enable eight return 
lines, giving 64 total sense strobes for each complete scan. 
When in the sensor mode, the two key rollover and 
debounce logic is inhibited. This allows multiple valid 
intersection connections to be inputted. The SHIFT and 
S/C (CONTROL) inputs are ignored in this mode. 


Each sensor intersection will have a RAM location reserved. 
The designer should group the sensors in common groups 
of 4. This mode is intended to be used to scan a matrix of 
electronic intersections or mechanical contacts. De- 
bouncing is to be performed under software control. The 
INT line will remain active (Vpp:) whenever a valid 
intersection has been detected. The scan strobe cycle is the 
same pattern of a logical 1 (Vss) shifted in a field of zeros. 


The sense return lines are read out by RD1/RD2 
instructions as shown in Figure 2. 


a >< ee 
Ds. (Dy 1D “Ds [1Dy” D5. “Dy “B} 


[rms [me | 


Figure 2. Sense Return. 


If scanned sensor mode and individual, scanned display 
mode are used together, the Scan (S) lines should be 
electrically isolated by diodes (see Figure 4). 


Scanned Keyboard Mode 
a. Key Depression Detection 


These conditions can occur during the keyboard 
interrogation by the PKD (see timing diagram below). 


1. Simultaneous Key Depression 


Two or more keys depressed within one complete 
single depression scan (approximately 11ms) is 
defined as a simultaneous key depression. If this 
condition occurs, the PKD continues to scan the 
keyboard and waits until one key remains depressed. 
It then treats the remaining key as a single key 
depression, as described below. 


2. Single Key Depression 


When any single key (non-simultaneous) is de- 
pressed, an internal counter ts started. The key code 
is also stored internally in a PKD temporary register 
with a code given by the values of the Scan and Return 
Lines. The PKD will then make four more complete 
scans of all keys. If no other keys are depressed 
during the fourth complete scan and the original key 
detected is still depressed at the end of the fourth 
scan, the key code is defined as a single key 
depression. The key code is then entered into the 
FIFO along with the value of the SHIFT and Control 
(S/C) input signals. If eight characters are already in 
the FIFO, the character will not be entered and the 
overrun will be set. When a character is entered in the 
FIFO, the INT line is activated to a logical “1” (Vppi). If 
on the fourth complete scan the original key 
depressed is no longer depressed, the key is ignored 
as if it had never been depressed. This delay of four 
scan times, or approximately 11ms, thus provides the 
debounce function for the keyboard. 


SEARCH FOR ORIGINAL 
DEPRESSION AND OTHER 
DEPRESSIONS; 


IF MULTIPLE (SIMULTANEOUS) 
DEPRESSIONS DETECTED OR 
ORIGINAL DEPRESSION NOT 
FOUND (DEBOUNCE) 


GO TO—, 
2 Sheep e, Set ey te oy ts ee, eh Sane ey a 
| ORIGINAL OTHERWISE 
= DEPRESSION GO TO— — -»TEST FOR 
CODE ALL RETURN LINE RELEASE OF ORIGINAL 
RECORDED INPUTS IGNORED DEPRESSION (2-KEY ROLLOVER) 


ORIGINAL 


KEYBOARD 
SCAN CYCLE 


CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 


| 


CYCLE 5 


ORIGINAL BEGIN 
DEPRESSION; SEARCH 


RELEASED | FOR NEW 
AND SINGLE 
STORED IN |DEPRESSION 
KEYBOARD 
RAM 
CYCLE 6 CYCLE 7 CYCLEN |CYCLE N+1 


Figure 3. Keyboard Debounce and 2-Key Rollover Timing. 
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3. Two Key Rollover 
The two key rollover operates as follows: 


If a second key is depressed after a first key has been S/C 

accepted by the PKD as a single key depression but 

the first key has not been released, then the second SHFT 

key will be treated as a new original depression after 

the first key has been released. S7, RO 


If a second key is depressed after a first key has been 
accepted by the PKD as a single key depression and 
the second key is released before the first key is 
released, the second key will be ignored. 


KEYBOARD 
MATRIX 


SO, RO 


b. Key Matrix Encoding 
NOTE THAT ISOLATION DIODES MUST BE PLACED IN 


The keyboard matrix hardware configuration and THE SCAN LINES AS SHOWN IF THE SCAN LINES ARE 
ape a of ALSO USED TO STROBE A DISPLAY. IF THE KEYBOARD 
associated matrix encoding is shown in Figures 4, 5, and USED HAS A DIODE AT EACH KEY. THEN THE SCAN 


6. LINE ISOLATION DIODES ARE NOT REQUIRED. 


Figure 4. Hardware Configuration. 


Ro RR, Ry Rg Ry Re Re R, 
000 001 010 011 100 101 #110 111° SHIFT s/c 


S, 000 

S, 001 oe en eens 

S, 010 

S, 011 

S, 100 a | ee oan ere 

S; 101 D, 0D, D, Dy | Dz, Dy D, Dy 

S, 110 POG. (SHEM | ea te ee 
SE 

S, 111 So7 Roz 

Figure 5. Matrix Configuration. Figure 6. Key Encoding. 
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c. Expansion to 128 Key Scan code only. However, if full debounce and 2 key roll over 
The basic mechanism of the PKD for scanning a 64 key control between two 64 key matrices is not necessary, 
matrix can be expanded to interface to a 128 key matrix. then a configuration such as shown in Figure 7 may be 
Note that the CONTROL (S/C) and SHIFT inputs cannot used to add a seventh bit to the 6-bit matrix via the SHIFT 
be used to directly encode 256 keys since the single key or S/C input of the PKD. Alternately, two 4269 PKDs can 
depression logic operates with the 6-bit matrix position be used for interfacing to the 128 keys. 

Y “ss 


. MC 14016 
is CD 4016 


DISPLAY 
ZN ZN re 
64 
KEY MATRIX KEY MATRIX 


ne 


INT 


SYNC 


DM-RAM 


RESET 


Ca) 


MCS-40 
INTERFACE 


Figure 7. 128 Scanned Input Keys. 
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Encoded Keyboard Mode 
Data Format 


In the encoded keyboard mode, the eight return lines are 
directly loaded into the PKD’s keyboard FIFO. For encoded 
keyboards using less than eight encoded bits, the 
remaining bits can be any desired signal, such as a 
multiplex signal between two keyboards or a special key 
flag. 


HARDWARE DESCRIPTION 


The following is a description of the major hardware 
elements of the 4269. Refer to the hardware block diagram 
shown in Figure 8. 


MCS-40 Data Bus/Control Line Interface 


The 4269 PKD resides on the MCS-40 data and timing bus. 
As such it derives its basic timing from the ¢; and #2 clock 
signals. Synchronization and chip select information are 
provided by the SYNC and CM-RAM lines respectively. The 
Data Bus provides the 4269 with control commands and 
routes Keyboard/Display data between the 4269 and CPU 
Accumulator. 


Display Registers 

The 4269 is provided with RAM storage which is utilized to 
implement an automatically refreshed display. The display 
RAM (Display Registers A and B) can be configured in 
several different organizations under program control, 
including two 16 x 4 hexadecimal displays, one 32 x 4 
hexadecimal display, a single 8 or 16 alphanumeric display, 
a single 16, 18, or 20 character gas discharge alphanumeric 
display, or a 128 matrix array of indicators. The display RAM 
output is available on Ao-A3 for Display Register A outputs 
and Bo-B3 lines for Display Register B outputs. The Vpp 
line provides a separate negative supply reference for the A 
and B outputs (and INT). 


MCS-40 
DATA BUS 
INTERFACE 


?1 
¢2 
SYNC 


COMMAND 
DECODE 
AND 
CONTROL 


CM-RAM ———————_—> LOGIC 


RESET 


Voo1 ——— 
Voo ———___—_—_——— 


Vss ——e 


S/R Counters and Debounce Logic 


The S/R counters are two modulo 8 counters used to 
provide a unique 6-bit code for each of the 64 intersections 
provided by a matrix of eight Scan (S) Driver and eight 
Return (R) sense lines. The R counter is counted eight times 
for each S count. When keys, contacts, or controls are 
arranged in the matrix, each matrix intersection is 
examined for closure between the corresponding S and R 
line. If the 4269 is in the Scanned Keyboard Mode, an 
approximate 11 msec debounce time will be used to 
ascertain the validity of the connection. The valid 6-bit 
code, along with the SHIFT and S/C (control) line, is placed 
in the FIFO for retrieval by the CPU. 


Scan Counter and Scan F/F 


For each increment of the modulo 8 S counter, the Scan 
Counter is advanced. The register shifts a logical 1 (Vss)ina 
field of logical zeros (open drain). The non-overlapping one 
is successively moved from So through S7 and around 
again. For each complete sequence of shifts, the scan flip- 
flop is toggled. This flip-flop’s initial value, after RESET, is 
open drain. 


Key Return Multiplexer 


The return multiplexer selects one of the 8 return lines 
coming from the key array. The selection code is provided 
by the modulo 8 R counter. When in the Scanned Sensor 
Mode, all 8 R lines are entered for each scan line, and pass 
directly to the Sensor RAM (FIFO). 


FIFO and Sensor RAM 


This block is a dual function RAM of 64 bits. The RAM can 
serve aS a keyboard character FIFO for eight 8-bit 
characters or as a sensor RAM to store the status of 64 
intersections. 


RS FLIP FLOP 


RS 


RS 
BUFFER 


So 
s s 
COUNTER BUFFER 
S7 
R ° Ro 
ren LS 

INPUT ° 

COUNTER Mase ° 
R7 

8x8 SHIFT 

FIFO i Gare s/c 
RAM iNT 
7 Bo 

e 

e 

e 

& 
B3 
z Ao 

e 

@ 

Se 

e 
A3 


Figure 8. 4269 Hardware Block Diagram. 
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ABSOLUTE MAXIMUM RATINGS“ 


Ambient Temperature Under Bias 
Storage Temperature 
Input Voltages and Supply Voltage 

with respect to Vss 
Power Dissipation 


oeeeveevr eer ee ee ee wm ee ee ee ew ee 


+0.5V to -20V 
1.0 Watt 


Pee ee ee ee ee DS SS 


er er ee ae ee eT ed 


D.C. AND OPERATING CHARACTERISTICS 


*COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


Ty =0° to 70°C; Vgg -Vpp = 15V 45%: Vpp1 = Vss -5V; tepw= top1 = 400nsec; tna = 150nsec; Logic “0” is defined as the 
more positive voltage (Vj4,Voy4); Logic “1” is defined as the more negative voltage (V;, ,Vo, ); Unless Otherwise Specified. 


SUPPLY CURRENT 


Supply Current 


Vop1 Current 


INPUT CHARACTERISTICS 


Limits _ 
Typ. 


>| > 


Test Conditions 


VIL Input Low Voltage (Except Clocks, Vss-5.5 V 
Return Lines, Shift, S/C) eet 
Shift, S/C) 

Vitec Input Low Voltage Clocks | Vp | | Vssg-13.4 

OUTPUT CHARACTERISTICS 
locas | Ao.a/Bo3 Sinking Current P16 | |) mA | Vour= Ypp1 +-4V 
lOHAB Ao.3/Bg.3 Drive Current so | | Vout = Vss -2-6V 
lou Interrupt Sinking Current | 200 | | Vout = Ypp1 +,.4V _ 
lous S Lines Driving Current re ee ee ee Vout = Vss -1-0V 
lougs | RS Line Driving Current 25 | | | mA} Vour = Vs -2-6V 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C; Vssg -Vpp = 15V +5%. 


Limits 
yp 


Symbol Parameter Unit Test Condition 
tcy Clock Period 1.35 


ter Clock Rise Time 


NO 


sec 
nsec 
5 
80 
0 


tor Clock Fall Time nsec 
tePw Clock Width 380 
tep1 Clock Delay ¢, to $9 400 
ted2 Clock Delay ¢2 to ¢4 150 
tw Data-In, CM, SYNC Write Time 350 
ty!1.2] | Data-In, CM, SYNC Hold Time 


tos!3] | Set Time (Reference) 


0O 
L 


on 
oa oO 


nsec 


NO 
\<e) 


nsec 
nsec 

nsec 

nsec 

nsec CL = 500 pF 

nsec C. = 500 pF 

nsec CL = 20 pF 

C = 120pF; Scanned 
Keyboard Mode 
C= 120 pF; 

Sensor Mode 


tacc Data Bus Access Time @) 


tou Data Bus Hold Time 


=) 


trtsk Return Line Pull-Down Time 


tRTSN Return Line Pull-Down Time 


ow 
=) 
NO 
=) 
Oo 
ro 
7 


cE 
pa] 
nn 


CAPACITANCE 
Limits 
Symbol Parameter | Min. | Typ. | Max. | Unit Test Condition 
Cy Clock Capacitance ae a 25 Vin = Vss 
Cog Data Bus Capacitance Ped 14 25 Vin = Vss 
Cin Input Capacitance Poo 10 pF Vin = Vss 
Cout Output Capacitance ies 15 pF Vin = Vss 


Notes: 1. thy measured with toR = 10nsec. 

2. All MCS-40 components which may transmit instruction on data to a 4004 or 4040 at M2 and X29 always enter a float state until the 
4004/4040 takes over the data bus at Xj and X3 time. Therefore the tyy requirement is always insured since each component contributes 
10uA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1V/us. 

3. tacc is Data Bus, SYNC and CM-line output access time referred to the #2 trailing edge which clocks these lines out. tos in the same 
output access time referred to the leading edge of the next 2 clock pulse. 


TYPICAL Ipp SUPPLY CURRENT VS. TEMPERATURE 
me 
. nw 


AMBIENT TEMPERATURE (°C) 


SUPPLY CURRENT (mA) 
8 § 


' 
3 
°o 
on 
oO 


100 
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a A, A, A; M, M, X, X, X, 
OPA (4004) IF IOR 
AC (4040) PORT/RAM 
DATA BUS | CPU CPU CPU ROM ROM CPU ELSE CPU CPu 
ENABLED ENABLED : ENABLED | ENABLED ENABLED ENABLED ENABLED ENABLED 
Oy 
10% 10% 
2 
90% 90% 

SYNCH 
CM-RAM, ROM 


Figure 9. Timing Diagram. 


%2 
90% 
DATA BUS, CM aly, 

INPUT 
( U S) tos -5V 
(REFERENCE) —> 

DATA BUS, CM -1V 
(OUTPUTS) a 


Figure 10. Timing Detail. 


16 DEEP MODE 


7 8 9 10 


a le 256 CLOCK TIMES (tcy) 
F 
4096 CLOCK TIMES (tcy) 


Figure 11. Individually Scanned Display Mode Timing After Execution of 0 or 16 WRM Instruction (or 8 WRMs for 8 Nibbles 
Deep Mode). 
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a <— 8 CLOCK TIMES (tcy) 
a 
VAUD VM BLANKED WY ML 


Sp 


Sn+1 


DISPLAY A 
outpuT VALID 
DISPLAY B 
OUTPUT 


+ 24 CLOCK TIMES (ty ——>| 


Figure 12. Individually Scanned Display Mode. 


Sn 


Sa+1 


/, 
4 % 
Ry y) 
R2 
—_ 9 CLOCK TIMES (tcy) ™ 


201 CLOCK TIMES (tcy) 


INN 


AS 


RETURN LINE SENSED — SCANNED KEYBOARD MODE 


RETURN LINE SENSED — SENSOR MODE 


Figure 13. Return Line Timing for Scanned Keyboard and Sensor Mode. 


7 oo 3 CLOCK TIMES (tcy) 


32 CLOCK TIMES (tcy ) ——> 


ae eee eee ee eee KEY CLOSED 
KEY OPEN 


Figure 14. Detailed Timing — Scanned Keyboard Mode. 
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Rn 


Vss - 4.2 — 


KEY OPEN 


Figure 15. Detailed Timing — Sensor Mode. 


SELF SCAN” 
RESET (A3) | 
SELF SCAN® 
CLOCK (A) 
) 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 15 16 Bn 
<—_—_ DATA VALID ———_» <+——— DATA VALID Sace 
(tcy) 
CHARACTER 0 CHARACTER 1 
111 (16 CHAR.) 
139 (20 CHAR.) 


Figure 16. Gas Discharge (Self-Scan® ) Mode Timing — 16 or 20 Character Mode. 


SELF SCAN’ 
RESET (A3) 


SELF SCAN: 
CLOCK (AQ) 


DATA VALID —— 


15 16 
80 
<——— DATA VALID ———> CLOCK 


TIMES 
t 
<——____CHARACTER 1 {tev} 


~<t————— CHARACTER 0 


Figure 17. Gas Discharge (Self-Scan®) Mode Timing — 18 Character Mode. 
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4201A 
CLOCK GENERATOR 


= Complete Clock Requirements for 
MCS-40™ Systems 


= Crystal Controlled Oscillator 


@ Provides MCS-40 Reset Function 
Signal 


= Standard Operating Temperature Range 


of 0° to 70°C 


# Also Available with -40° to +85°C 
Operating Range 


(XTAL External) 
= MOS and TTL Level Clock Outputs 


The 4201A is a CMOS integrated circuit designed to fill the clock requirements of the MCS-40 microcomputer family. The 
4201A contains a crystal controlled oscillator (XTAL external), clock generation circuitry, and both MOS and TTL level 
clock driver circuits. 

The 4201A also performs the power on reset function required by MCS-40 components and provides the logic necessary to 
implement the single-step function of the 4040 central processor unit. 


PIN CONFIGURATION 


13 [J RESET 

12 [_] RESET IN 
114 | STOP 

10 [_] ACK 

9 fT ]N. CLOSED 


BLOCK DIAGRAM 


0 ¢ 
XTAL OSC > 80R:7 
e 


MODE ee eT 


SCHMITT 
TRIGGER 


Oy 
o, DRIVER O 


Mos 
Oo 
d5 DRIVER O 
OWT 
DRIVER O 


Oot 
DRIVER O 


© STOP 
ACK 


RESET IN O-——> 


RESET OUT O 
N.0. OQ > SINGLE 
NC O———— TER LL - STEP ELE 


ee 


Vgs_ Vpp GROUND 
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PIN DESCRIPTION 


Pin 

No. Designation Description of Function 

1 GND Circuit ground potential. This pin can be left 
floating for low power application. MOS 
clock output will be operative, TTL clock 
outputs will not. 

2 OIT Phase 1 TTL level clock output. Positive 
true. 

3 oe) Phase 2 MOS level clock output. Directly 
drives all MCS-40 components. 

4 VpbD Main Power Supply Pin. 
Vppb = Vcc -15V +5%. 

5 MODE Counter mode contro! pin. Determines 
whether counter divides basic frequency by 8 
or 7. 
Mode 1 = Vcc > +7 
Mode 2 = Vpp—> +8 

6 N. OPEN Input of single step circuitry to which normal- 
ly open contact of SPDT switch is connected. 

7 X1 External Crystal Connection. This pin may be 
driven by an external frequency source. X2 
should be left unconnected. 

8 X2 External Crystal Connection. 


Pin 
No. Designation 
9 N. CLOSED 


Description of Function 

Input of single step circuitry to which 
normally closed contact of SPDT switch 
is connected. 


10 ACK Acknowledge input to single step circuitry 
normally connected to stop acknowledge 
output of 4040. The ACK input circuitry, 
contains an internal pull-down resistor, elim- 


inating the need for any external pull-down. 


11 STOP Stop output of single step circuitry normally 
connected to stop input of 4040. A SPDT 
toggle switch may be inserted in this line 
for RUN/HALT control. 

Input to which RC network is connected to 


provide power-on reset timing. 


12 RESET IN 


13 RESET Reset signal output which directly connects 
to all MCS40 reset inputs. This signal is 
active low. 

14 4 Phase 1 MOS level clock output. Directly 
drives all MCS-40 clock inputs. 

15 Vcc Circuit reference potential — most positive 
supply voltage. 

16 = goT Phase 2 TTL level clock output. Positive 


true. 


FUNCTIONAL DESCRIPTION 


The 4201A consists of the following functional blocks: 


CRYSTAL OSCILLATOR 

The oscillator circuit consists of a simple inverter biased in 
the active region and a crystal phase shift network to provide 
Positive feedback. 


PROGRAMMABLE SHIFT REGISTER 

The shift register in the 4201A divides the master clock and 
generates the proper states for generating the desired two- 
phase clock. The circuit is a seven bit dynamic device which 
circulates a logical ‘’1’’ through a field of zeroes. The output 
of the various states are then combined to provide the proper 
clock waveforms. This provides a divide by 7 function. 


In order to maintain the proper clock timing over the full 
operating frequency range of the MCS-40™system, the shift 


i ar ae 


MODE 2 


4201A Shift Register Modes. 


register is programmable (using mode pin) as either a 7 bit or 
S-bit device. In the &bit mode, the relationship between the 
phases is equal; that is, >, pulse width, o> pulse width, ?, to 
$5 and $5 to >, times are all equal. 


PHASE DECODER 

A simple gate complex is used to decode the shift register 
outputs to provide phase 1 and phase 2 clock waveforms. 
This circuitry is controlled by the mode input to achieve the 
two sets of timing discussed in the previous section. 


OUTPUT BUFFERS 

There are two sets of output buffers for the 2 phase clock. 
One set is the MOS level drivers designed to directly drive a 
full complement of MSC-40 components. The second set pro- 
vides TTL compatible outputs which can drive one standard 
TTL load. 


RESET CIRCUIT 

The reset circuit is simply a level detector and driver stage. 
An external RC network connected to the reset input pin of 
the 4201A as described in the Design Considerations 
section provides power-on delay. The user’s system will 
determine the required delay. 


SINGLE STEP CONTROL 

The 4201A contains the necessary circuitry for allowing the 
4040 CPU to execute instructions one at a time. Using the 
stop input and stop acknowledge output of the 4040, the 
4201A generates a pulse that allows the 4040 to perform 
only one instruction. The stop command can be provided 
by a SPDT pushbutton (break-before-make) directly since de- 
bouncing is provided by the 4201A. A SPST toggle switch, 
in series with the STOP line, provides the Run/Halt feature. 
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ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature ......... -55°C to 150°C Ambient *COMMENT 

Operating Temperature........... 0°C to 70°C Ambient Stresses above those listed under “Absolute Maximum Ratings” 
Maximum Positive Voltage .............4.. Vec +.5V may cause permanent damage to the device. This is a stress 
Maximum Negative Voltage. ....... eee ee Vpp -.3V rating only and functional operation of the device at these or 


at any other condition above those indicated in the operational 


Maximum Power Dissipation ...........-...+-. cay sections of this specification is not implied. Exposure to Abso- 
Maximum Supply Voltage Vcc -Vpp ..--.----- 17V lute Maximum Rating conditions for extended periods may 
Maximum Supply Voltage Vec -Vpp .....----- 17 V2] affect device reliability. 


Notes: 1. CLOAp, $4 and $2 >100pF. 


2. CLOAD. $1 and $2 = 0; Rpp = 68; Bypass Capacitor at 
Vpp Pin to GND. 


D.C. CHARACTERISTICS 1, = 0°C to 70°C; Vec-Vpp = 15V +5%; GND = Voc -5V +5%. 
SUPPLY CURRENT 


Limit 


Ipp Supply Current 


Conditions 


= 
® 
x 


NR 
oO 


mA | 5.185MHz Crystal, CLoap % and ?>=200pF 
INPUT/OUTPUT CHARACTERISTICS 


lo Input Leakage Current - 


Vit = Vpp All inputs except X;, Xo, 
N. Open, N. Closed : 


All inputs except Xj, Xo, Reset 


< 
Q 
re) 

Ln 

%) 


All inputs except X1, Xo, Reset 


‘= 


Capacitance load only 


Capacitance load only 


> 
i?) 


loL p4 , 2 Sink Current | 400 


=| 


Vout = Vcc; Pulse Width <1ysec 


N. Open, N. Closed 
CAPACITANCE $f =1Mhz; Ta = 25°C 
Cout $1, 62 Output Capacitance | | 40 |r 
CoutT $11. P27 Output Capacitance LO ee 
Cout Stop Reset Output Capacitance Pe ee Pe | 
8 


fon) 
a) 


4201A 


A.C. CHARACTERISTICS § Ty, =0°C to 70°C; Vcc -Vpp = 15V +5%; G = Vec -5V +5% 


ee ee 

tom | Clock Putw wath =| Ingy-70 | (2”Mhev [@MRevA| ms | | yyy 

60 BMovs10| ns ‘ 

tow | Glock Pale wath | (lAhtoy=10_ | (/Aheey | lMovet0] ms | | yy 

wos [TLGktoMOSCKSeewtT | 0 [| 

tor tor Clock Rise and Fall Time C, =300pF=¢1,¢2; 
eae yf Ye, 
‘Stop 


Note: 1. See waveforms section for phase relationships between $1, $1T, $2, and $9T. 
2. Proper system operation of all members of the MCS-40' “component family is guaranteed with the 4201 Clock Generator 
at 1.35 usec <tcy <2 usec. 


TYPICAL CHARACTERISTICS 


Iipp CURRENT VS. LOAD CAPACITANCE 


25 


15 


lop (mA) 


°o 


50 100 150 200 250 300 350 


Cc. 9y. bo (pF) 


XTAL SPECIFICATIONS 


CTS Knights 
XTAL Equivalent Circuit 
Range: 3.5 - 5.185 MHz 


Co 
Mode: Series or Parallel Resonant | Cu 
R 
Recommended: 1. Intel 14801 = > 2 an 7 ‘4 
M 


2. Crystek 5.185 MHz, oe 
Spec. No. CY8A (Qz7f)2 Cay 
3. CTS Knights MP051 
XTAL Capacitance Requirements: 15-20 pF 


RMR 2R 
o 
=) 
~e) 


4201A 


CLOCK GENERATOR IMPLEMENTATION 


O >, 


O oo 

FROM 4040 

STOP ACK 
Vv 

Cc 
r 10KQ 
4040 
STOP 
INPUT 


HALT 
O 


stop RUN 
C) 
RESET 


C1 = C2 = 1uF CERAMIC 


C3 = C4 = 15pF — 20pF 


DESIGN CONSIDERATIONS 


CRYSTALS 

Either ~7 or +8 Modes may be used. Mode equals Vcc for 
+7, Mode equals Vpp for +8. The clock frequency range 
should be between 500 kHz (4 MHz XTAL, +8 MODE) and 
740 kHz (5.185 MHz XTAL, +7 MODE). The crystal may be 
found as a standard product from Intel distributors, CTS 
Knights or Crystek. 


X1 AND X2 INPUT CAPACITANCE 
The XTAL terminals, X1 and X2, should be tied to 15 pF - 
20 pF capacitors C3 and C4 to AC system GND. 


POWER SUPPLY VOLTAGE CONSIDERATIONS 

1. Operation is guaranteed with Vec-Vpp = 15V + 5%. 
During system power-up or during power supply 
glitching, the maximum magnitude of (Vec-Vpp) must 
be limited to 17 volts. 


During the power supply rise time (that is, when 
| Vec-Vpp | <14.25 volts), improper $1, and ¢2 output 
may occur until | V¢c-Vpp| reaches the 14.25 minimum 
voltage. 


2. With Vec = +5V, Vpp =-10V, bypass capacitor C1 of 1 uF 
and C2 of 1 uF from Vcc to GND and Vpp to GND, re- 
spectively, should provide excellent bypassing. Bypass ca- 
pacitors should be ceramic or equivalent quality to insure 
low inductance and low series resistance. 


3. The purpose of the current limiting register Rpp is both 
to limit @, and $2 rise times and to drop Vpp at the 
4201A Vpp pin. Values for Rpp as a function of 
$1, $2 load capacitance are: 

For CLoap <50 pF; use Rpp = 1002. 

For 50 pF <Ci gap <100 pF; use Rpp = 682. 
For 100 pF <Ciga~p <300 pF; use Rpp = 2722. 
For CLoap 300 pF; use Rpop = 1022. 
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All 4201A functions requiring the Vpp voltage should 
use the pin Vpp or node on the 4201A side of resistor 
Rpp- Operation with the voltage drop across Rpp is 
guaranteed by Intel testing. 


4. Single-Supply System (+1 5 V or -15) 
Recommended 4201A circuit modifications for single 
supply systems are: 


1. The 1 uF ceramic capacitor C1 should be between 
4201A Vpp and Vcc pins. 


2. Other capacitors shown as being grounded should be 
connected to Vcc. 


3. Reset Rr is connected to Vcc. Reset Ca is connected 
to Vpp pin. 
4. The current limiting resistor Rpp is still needed in the 
Vop line. 
5. Power Supply Rise Times 


Intel testing is for power supply rise times between 5 ms 
and 300 ms. For power supply rise times less than 5 ms, a 
200KQ2 resistor from X1 to GND and C3 = C4 = 5 pF is 
recommended. 


RESET NETWORK 
The Reset input has Vip = Vec711 volts and Vin = Vec 
-6.5 volts, with about 1 volt of hysteresis (Schmitt circuit). 


Node (A) must be tied to GND or Vcc = +5 V; and Ry and 
CR selected, such that the negative Vpp transition moves 
the Reset input below Vj_,. 


Tying node (A) to GND and making Cr very large, i.e. 
> uF, will allow the greatest freedom in Vcc and Vo rise 
times during turn-on. Tying node (A) to GND will also 
cause Reset after a Vpp glitch to GND. 


The purpose of Rg at 5102 or 1KQ is to limit Reset input 
fall time on manual Reset, so that the Reset input does not 
fall below Vpp. 


TTL CLOCK OUTPUTS 


If dr and %57 are used, GND pin should be tied to logic 
ground. ?z7 levels will swing between Vec and GND. 


UNUSED FUNCTIONS 

If any of the 4201A functions listed below are not used, for 
power conservation it is recommended that the pins be 
connected as described below: 


1. O47,baT 
Tie GND pin, $47, dot to Vcc. 

2. Single step 
Tie NO to Vee. 
Tie NC to Node (Vpp pin). 
Tie STOP ACK to Vcc. 
STOP left open. 

3. Reset 

Tie RESET IN, RESET OUT to Vee. 


4201A 


WAVEFORMS 


10% 


90% 
oy 


2 


3.5V 
oat 1.5V 1.5V 


10% 
ACK 


STOP 
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STANDARD MEMORY AND 1/O INTERFACE SET 
= 24 Pin Dual In-Line Packages 


e Standard Operating 
Temperature Range of 
0° to 70°C 


=» Direct Interface to Standard 


Memories 
s Allows Write Program Memory 


The standard memory and !/O interface set (4008/4009) provides the complete control functions performed by the 4001 or 4308 
in MCS-40™ systems. The 4008/4009 are completely compatible with other members of the MCS-40 family. All activity is still 
under control of the CPU. One set of 4008/4009 and several TTL decoders is sufficient to interface to 4K words of program 


memory, sixteen four-bit input ports and sixteen four-bit output ports. 


PIN CONFIGURATIONS 


4008 BLOCK DIAGRAM 4009 BLOCK DIAGRAM 


Ay An 62 WO+Kyy- by 


ROR M, M, 


INSTRUCTION 
ADDRESS ADDRESS 
AND 1/0 PORT LATCHES DATA 
ADORESS ie 
MPX - 
. 020 


DATABUS[ | 


mg 
OUTPUT P| 
- BUFFERS | 


INTERNAL 0 
TIMING = Fy—c } 1030 
GENERATOR 5 
1/0 BUS 


2 
O INTERNAL «oO 
O TIMING ms Voo 
O GENERATOR <t—O Ves 


1/0 PORT 


1/0 PORT 
CHIP 


AND CHIP 
SELECT SELECT 'e 
MPX LATCHES 
v M, M, x2 Oo 68 
iN OUT 
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4008/4009 


Pin Description 
4008 


Pin No. 
1-4 


7-8 


23-16 


15-13, 11 


10 


12 
24 


Designation/ 
Type of Logic 


Do-D3/Neg. 


$1-2/Neg. 


SY NC/Neg. 


CM-ROM/Neg. 


Ag-A7 /Pos. 


Co-C3/Pos. 


F/L/Neg. 


W/Pos. 


Vss 
Vpp 


Description of Function 


Bidirectional data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the PROGRAM 
MEMORY or I/O ports is trans- 
mitted on these 4 pins. 


Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 


Synchronization input signal 
driven by SYNC output of 
processor. 


Command input driven by 
CM-ROM output of processor. 
Used for decoding SRC and 1/O 
instructions. 


Address output buffers. The 
demultiplexed address values 
generated by the 4289 from 
the address data supplied by 
the processor at A; and Ap. 


Chip select output buffers. The 
address data generated by the 
processor at A3, or during an 
SRC are transferred here. 


Output signal generated by the 
4008 to indicate which half- 
byte of PROGRAM MEMORY 
is to be operated on. 


Output signal, active low, gen- 
erated by the 4008 when the 
processor executes a WPM in- 
struction. 


Most positive supply voltage. 


Main power supply pin. Value 
must be Ves -15V +5%. 
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Pin No. 
23-20 


5-8, 1-4 


14-13 


11 


15 


10 


19-16 


4009 


Designation/ 
Type of Logic 


Do-D3/Neg. 


D',-D‘g/Pos. 


$1-$2/Neg. 


SY NC/Neg. 


CM-ROM/Neg. 


IN/Neg. 


OUT/Neg. 


1/O9-1/03/Pos. 


Vpp 


Vss 


Description of Function 


Bidirectional data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the PROGRAM 
MEMORY or 1/0 ports is trans- 
mitted on these 4 pins. 


The eight bits of instruction 
from the program memory are 
transferred on these 4009 pins 
(most significant bit is Dg). 


Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 


Synchronization input signal 
driven by SYNC output of 
processor. 


Command input driven by 
CM-ROM output of Processor. 


Output signal, active low, gen- 
erated by the 4289 when the 
processor executes an RDR in- 
struction. 


Output signal, active low 
(Vpp), generated by the 4009 
when the processor executes a 
WRR instruction. 


Bidirectional I/O data bus. Data 
to and from I/O ports or data 
to write PROGRAM MEMORY 
are transferred via these pins. 
Main power supply pin. Value 
must be Vssg -15V +5%. 


Most positive supply voltage. 


4008/4009 


Functional Description 


The 4008 is the address latch chip which interfaces the 4004 
or 4040 to standard PROMs, ROMs and RAMs used for 
program memory. The 4008 latches the low order eight bits 
of the program address sent out by the CPU during A1 and 
A2 time. During A3 time it latches the high order four bits of 
the program address from the CPU. The low-order eight 
bits of the program address are then presented at pins AO 
through A7 and the high-order four bit (also referred to as 
page number) are presented at pins CO through C3. These 
four bits must be decoded externally and one page of 
program memory is selected. 


The 4009 then transfers the eight bit instruction from 
program memory to the CPU four bits at a time at M1 and 
M2. The command signal sent by the CPU activates the 4009 
and initiates this transfer. 


When the CPU executes an SRC (Send Register Control) 
instruction, the 4008 responds by storing the I/O address in 
its eight bit SRC register. The content of this SRC register is 
always transferred to the address lines (AO through A7) and 
the chip select lines (CO through C3) at X1 time. The 
appropriate I/O port is then selected by decoding the chip 
select lines. The IN and OUT lines of the 4009 indicate 
whether an input or output operation will occur. 


The 4009 is primarily an instruction and !/O transfer device. 
When the CPU executes an RDR (Read ROM Port) 
instruction, the 4009 will send an input strobe (pin 9) to 
enable the selected input port. It also enables |!/O input 
buffers to transfer the input data from the I/O bus to the data 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ................. 0°C to 70°C 


bus. When the 4009 interprets a WRR (Write ROM Port) 
instruction, it transfers output data from the CPU to the I/O 
bus and sends an output strobe (pin 10) to enable the 
selected output port. 


The WPM (Write Program Memory) instruction is used in 
conjunction with the 4008/4009 to write data into the RAM 
program memory. When an instruction is to be stored in 
RAM program memory, it is written in two four-bit 
segments. The F/L signal from the 4008 keeps track of 
which half is being written. When the CPU executes a WPM 
instruction, the chip select lines of the 4008 are jammed with 
“1111”. In the system design this should be designated as 
the RAM channel. The Wline on the 4008 is also activated by 
the WPM instruction. The previously selected SRC address 
on line AO through A7 of the 4008 becomes the address of 
the RAM word being written. By appropriately decoding the 
chip select lines, the W line, and F/L, the write strobes can 
be generated for the memory. 


The F/L line is initially high (Vss) when power comes on. It 
then pulses low (VOD) when every second WPM is executed. 
A high (Vss) on the F/L lines means that the first four bits 
(OPR) are being written, and a low means that the last four 
bits (OPA) are being written. The 4009 transfers the 
segment of the instruction to the !/O bus at X2 of the WPM 
instruction. The SRC address sent to RAM is only 8 bits. 
When more than one page of RAM (256 bytes) is being 
written, an output port must be used to supply additional 
address lines for higher order addresses. 


“COMMENT: 


Storage Temperature ................ eee eee -55°C to + 125°C Stresses above those listed under “Absolute Maximum Ratings” 


Input Voltages and Supply Voltage 


may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 


WITT: TESPOCLIO VSS asda avait wesawasentence +0.5V to -20V conditions above those indicated in the operational sections of this 


Power DISSIDALION. «cxcsctrasusdeerieesawewsaswwsawweles 


1.0 Watt = specification is not implied. 


4008/4009 


D.C. and Operating Characteristics 


Ta = 0°C to 70°C; Vssg -Vpp = 15V £5%; tgpw = tgp1 = 400 nsec; tgp2 = 150 nsec; Logic “0” is defined as the more positive 
voltage (Vir, Vou); Logic ‘‘1” is defined as the more negative voltage (Vj_, Vo); Unless Otherwise Specified. 


SUPPLY CURRENT 

Limit 
INPUT CHARACTERISTICS—ALL INPUTS EXCEPT I/O PINS 
OUTPUT CHARACTERISTICS—ALL OUTPUTS EXCEPT I/O PINS 


ILo Data Bus Output Leakage Current 


3/3 x 3/3/1313 = = 3/3 


Output High Voltage Vss--5V =“ Vsg 
Data Lines Sinking Current 

Address Line Sinking Current (4008 only) 
In, Out, F/L, Chip Select 

W Output, Sinking Current (4008 only) 2.5 5 

Output Low Voltage, Data Bus, CM, SYNC Vsgs-12 Vss-6.5 
Output Resistance, Data Line ‘’0’’ Level (4008 only) 150 250 


Address, Chip Select Output Resistance, a as 
“0"" Level (4008 only) 

Row Output Resistance, Data Line “‘0’’ Level (4009 only) 
log {3) Address, C/S Output ‘1’ Clamp Current (4008 only) B18 
Icp ls) In, Out ‘1’ Clamp Current (4009 only) P18 


1/0 INPUT CHARACTERISTICS 


Input Leakage Current 


NS 
_ 
ie) 


Input High Voltage 


Input Low Voltage (4009 only) 


Test Conditions 
Ta = 25°C 
Ta = 25°C 


Vit = Vpp 


Vout =-12V 
Capacitance Load 
Vout = Vss 
Vout = Vss 
Vout = Vsg -4.85 
Vout = Vss 

lo. = 0.5mA 
Vout = Vss --5V 
Vout = Vsg --5V 


Vout = Vss -2V 
Vout = Vss -6V 
Vout = Vss -6V 


1/0 OUTPUT CHARACTERISTICS 


VoH Output High Voltage 
Rou 1/O Output “0” Resistance (4009 only) 25 1.0 
(oi [/O Output “1” Sink Current (4009 only) Pp 5 12 | ma 
lo. 1/O Output “1” Sink Current (4009 only) a ee 
Icr 1/O Output “1” Clamp Current (4009 only) Pt] mak | 


CAPACITANCE 


Cos Data Bus Capacitance 7 10 
Cin Input Capacitance (4008 only) 


Cin Input Capacitance (4009 only) 
Cout Output Capacitance 


xe) 
a 


Notes: 1. The address lines will drive a TTL load if a 4702 resistor is connected in series between the address output and the TTL input. 
2. A 6.8kQ resistor must be connected between Pin W and Vpp for TTL capability. 
3. Resistors in series with TTL inputs may be required to limit current into Vpp or Vss from TTL input clamp diodes. 
4. TTL Vou = 2.4V will ensure 4009 Vj1j4 = Vssg -1.5 via the 4009 latch. Refer to Figure 3. 
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lout = 0 

Vout = Vss --5 
Vout = Vss --5V 
Vout = Ves -4.85V 
Vout = Vss -6V 


Vin = Vss' 
Vin = Vss 
Vin = Vss 
Vin = Vss 
Vin = Vss 


4008/4009 


A.C. Characteristics 


Ta = 0°C to 70°C, Vsg -Vpp = 15V +5% 


Symbol Parameter Test Conditions 
tcy Clock Period 1.35 
tor Clock Rise Time 
tor Clock Fall Times 
thew Clock Width 
top) Clock Delay $1 to ¢2 400 
tdp2 Clock Delay ¢2 to $4 

tw Data-In, CM, SYNC Write Time 
ty[1.3] | Data-In, CM, SYNC Hold Time 
tosi2]_ | Set Time (Reference) 


z 
> 
> 
ae 
s 
a 
ss 


N 
ro) 
z= 
a 
© 
© 


on 
) 
oO 


aS 
=) 
NO 
oO 


w 
=) 
a 
S 


ie) 
S 
—_, 
=) 
=) 


tacc Data-Out Access Time Cout = 
Data Lines 930 500 pF Data Lines 
SYNC 930 500pF SYNC 
CM-ROM 930 160pF CM-ROM 
CM-RAM 930 50pF CM-RAM 

tat Address to Output Delay at A;, X; (4008) a: Ci = 250pF 

ta2 Address to Output Delay Az (4008) a C. = 250pF 

tcs Chip Select Output Delay at A3 (4008) Po 800 ns CL = 50pF 

tw Data In Write Time (4009) 470 [ans | C, = 200pF on data bus 


Notes: 1. ty measured with tgR = 10nsec. 

2. tacc is Data Bus, SYNC and CM-line output access time referred to the $9 trailing edge which clocks these lines out. tos is 
the same output access time referred to the leading edge of the next $2 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X29 always enter a float state until 
the 4004/4040 takes over the data bus at X14 and X3 time. Therefore the ty requirement is always insured since each 
component contributes 10uA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1V/us. 
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4008/4009 


Timing Diagram 


Vy | Ay | A2 | A3 | M, | M2 xy | X2 | X3 
1H 


.- a eee ae 


si fl 0 me 


no ~ As on SS = REGISTER Low 4817 
ne~ hy wos == 


Co ~ C3 (4008) 


D'; ~ D's 
(FROM ROM OR RAM) 


DATA BUS 
(4009) 


EXTERNAL MEMORY _ 
ADDRESS ACCESS TIME 
W (4008) 


F/L (4008) 


1/0 OUTPUT (4009) FLOATING 


IN STROBE (4009) \) 1e ROR INSTR 


tsy— 


OUT STROBE (4009) \ / 
INPUT MUST BE VALID 


DURING SHADED TIME —-'+ ts2 : ~ts2 


4 
1/0 INPUT (4009) DON'T CARE DON'T CARE 


*EXTERNAL MEMORY CHIP SELECT ACCESS TIME MUST BE LESS THAN OR EQUAL TO 900ns. 


Figure 1. 4008 and 4009 Timing Diagram. 


Vpp 0 Vpop 
tong ——> a 
toe RA | 
Oy 
Q1 
; 10% 
2 90% 
= Vs 
DATA BUS, CM y oY se | 
(INPUTS) 4 — -5V 
DATA BUS, CM aN, 
(OUTPUTS) Ng, 1/0 INTERNAL a lm 


EXPLANATION: 
WITH Vss = +5V and Vpp = -10V, AN EXTERNAL TTL INPUTTING TO 
i = imi F THE 4009 ON THE 1/0 LINE, RAISES THE 1/O LINE TO 2.4V. THE Q1-RA 
F igure 2. MCS 40 Timing Detail. INVERTER TURNS “OFF” AND Q2 PULLS THE I/O LINE TO Vss. A LOW 
TTL SIGNAL OVERRIDES Q2. IF THE TTL OUTPUT GOES TO THE THIRD 
STATE, THE EXTERNAL 1/0 LINES REMAIN HIGH THROUGH Q2. 


THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 
Vec = Vsg ON TTL OUTPUTS, AS R; DOES ON 4001/4308 INPUT PORTS. 


Figure 3. 4009 I/O Latch. 
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inte 
4289 
STANDARD MEMORY INTERFACE 


= Direct Interface to all Standard = 40 Pin Dual In-Line Package 
Memories = Standard Operating 

= Allows Read and Write Program Temperature Range of 
Memory 0° to 70°C 

= Single Package Equivalent of = Also Available With 
4008/4009 -40° to +85°C Operating 

= TTL Compatible Address, Chip Range 
Select, Program Memory Data 
Lines 


The 4289 standard memory interface and 1/O interface enables the CPU devices to utilize standard memory components as 
program data memory. Notably, PROMs (4702A), RAMs (2102) and ROMs can be arranged in a memory array to facilitate 
system development. Programs generated using the 4289 interface can be committed to MCS-40™ ROMs (4308 and 4001) with 
no change to software. 


The 4289 also contains a 4 bit bi-directional I/O port and necessary steering logic to multiplex a host of |/O sources to the CPU. 
The Read and Write Program Memory instruction allows the user to store data and modify program memory. The device directly 
addresses 4K of program memory. The address is obtained sequentially during A1-A3 states of an instruction cycle. The eight 
bit instruction is presented to the CPU during M1 and M2 states of the instruction cycle via the four bit data bus. 


The 4289 stores the SRC instruction operand as an !/O address and responds to the ROM I/O instructions (WRR and RDR) by 
reading or writing data to and from the processor and 4289 I/O bus. 


BLOCK DIAGRAM 


D,O C 
D, 5 DATA BUS Noe ne om 5 Cy 
x INPUT/OUTPUT CHIP SELECT eacece c 
2 BUFFERS L BUFFERS O C2 
D3 0 ADDRESS MPX 4 0 C3 
OPAg O——> 2 
OPA: © one 
OPA2 O pas 
2 INSTRUCTION (UPPER) 
OPA3 O-———> AND INPUT 
OPRo O——> PORT DATA 
OPR; O MPX 
OPR2 © 
OPR3 O BEG OA, 
(LOWER) OR 
MEMORY OA 
ADDRESS 2 
ADDRESS BUFFERS OA, 
MPX OA 
1/0 DATA 8 OA. 
BUS 3 
BUFFERS OAs 
e A, 


MEMORY AND 
1/O PORT CONTROLS 
AND DECODE 


INTERNAL 


bah) | | 


O 0 O O 
1/09 1/01 1/02 1/03 F/L PM IN OUT = Veg Vip Vpn 
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PIN CONFIGURATION 


Pin Description 


Designation/ 
PinNo. Type of Logic 
1-4 Dg-D3/Neg. 
5-8 OPRp-OPR3/Pos. 
9-12 OPAg-OPA3/Pos. 
13-14 $1-b2/Neg. 
15 SYNC/Neg. 


Description of Function 


Bidirectional data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the PROGRAM 
MEMORY or I/O ports is trans- 
mitted on these 4 pins. 


The high order 4 bits (OPR) of 
the instruction or data (RPM) 
from the PROGRAM MEM- 
ORY are transferred to the 
4289 on these pins. 


The low order 4 bits (OPA) of 
the instruction or data (RPM) 
are transferred to the 4289 on 
these pins. 


Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 


Synchronization input signal 
driven by SYNC _ output of 
processor. 
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17 


18 


19 


20 


21 


22 


23-30 


31-34 


35 


36-39 


40 


CM/Neg. 


RESET/Neg. 


IN/Neg. 


OUT/Neg. 


PM/Neg. 


F/L/Neg. 


Ag-A7/Pos. 


Co-C3/Pos. 


Vop1 


[/03-1/Og/Pos. 


Command input driven by 
CM-ROM output of processor. 
Used for decoding SRC and 
1/O instructions. 


RESET input. A negative logic 
“14"" level (Vpp) applied to this 
input resets the FIRST/LAST 
flip-flop. 

Output signal, active low (Vpp), 
generated by the 4289 when 
the processor executes an RDR 
or RPM instruction. 


Output signal, active low (Vpp), 
generated by the 4289 when 
the processor executes a WRR 
or WPM instruction. 


Most positive supply voltage. 


Output signal, active low (Vpp), 
generated by the 4289 when 
the processor executes an RPM 
or WPM instruction. 


Output signal generated by the 
4289 to indicate which half- 
byte of PROGRAM MEMORY 
is to be operated on (Vpp = 
OPR, Vsg = OPA). 


Address output buffers. The 
demultiplexed address values 
generated by the 4289 from 
the address data supplied by 
the processor at A; and Ap. 


Chip select output buffers. The 
address data generated by the 
processor at A3 or during an 
SRC are transferred here. 


Supply voltage for address and 
chip select buffers. 


Bidirectional 1!/O data port. 
Data to and from 1/O devices 
or data to write PROGRAM 
MEMORY are transferred via 
these pins. 


Main power supply pin. Value 
must be Vsg - 15V + 5%. 


4289 


Functional Description 


The 4289 enabies the 4 bit CPU chip (4004 or 4040) to 
interface to standard memory components. This allows 
construction of prototype or small volume systems using 
electrically programmable ROMs or RAMs in place of 4001 
or 4308 mask programmable ROMs. Since 4001s or 4308s 
also contain up to 16 mask programmable I/O ports, the 
4289 has provisions for directly addressing 16 channels of 4 
bit 1/O ports. In its role as a Memory and I/O interface 
device, the 4289 provides three different types of operation, 
namely: 


a. Interface to Program Memory for instruction fetch 
operations. 

Interface to Input/Output ports for storing or fetching 
data using WRR, RDR instruction. 

Interface to R/W Program Memory for program 
alteration using WPM, RPM instructions. This feature 
may also be used for storing or fetching data, thus 
allowing the use of standard R/W RAM for data 
storage via the 4289. 


b. 


Cc. 


These three basic operations will be discussed in detail in 
the following paragraphs. 


Instruction Execution 


The contents of the data bus at A,, Ao, and Agare latched 
by the 4289 and transferred to the address and chip select 
output buffers. The low order address at A, is transferred to 
A,-A3 Outputs, the middle order address at A, is transferred 
to A,-A7 outputs and the high order address at A, is 
transferred to Co-C3 outputs. These 12 output lines provide 
the necessary address and chip select signals to interface to 
a 4K x 8 bit Program Memory. 


The 8 bit word selected by Ap-A7 and Cy-C3 is transferred 
to the processor via the OPRyp3, OPA .3 input lines and the 
data output buffer. The high order bits (OPR) are 
transferred at M, and the low order 4 bits (OPA) are 
transferred at Mo. 


The 4289 has been designed to work equally well with 
either the 4004 or 4040 processor elements. Since the 4040 
is provided with two CM-ROM controls which allow it to 
directly address up to 8K x 8 bits of Program Memory (4K x 8 
bits selected by each CM-ROM control), two 4289s would 
be required for full memory capability. In this case, one 4289 
would be controlled by CM-ROMo and the other by CM- 
ROM1. The 4289 which receives CM at A3 would be enabled 
to transfer data at M, and M,. 


It should be noted that the two CM-ROM controls permit 
the simultaneous use of 4001, 4308, and 4289 in the same 
system. The ROM’s 4001 and 4308 can be mixed and 
assigned to one CM-ROM control line while a single 4289 
can be assigned to the other. However, within one CM-ROM 
control line, 4289, 4001, and 4308 cannot be mixed, since 
the 4289 does respond to a full 4K of memory by its design 
and thus would overlap program memory address with the 
4001 or 4308. 


i/O Port Operation 


When the processor executes an I/O port instruction 
(WRR or RDR), a previously selected I/O port (via an SRC 
instruction) is enabled to receive or transmit 4 bits of data. In 
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the case of WRR, the selected output port receives the 4 bit 
contents of the processor accumulator, and in the case of 
RDR, the selected input port transmits 4 bits of data to the 
processor accumulator. The 4 bit value sent out at Xo time of 
the SRC instruction is used as the port address. Since the 
4289 is capable of addressing 16 4 bit I/O ports, it must 
therefore be capable of storing the SRC address sent by the 
processor and presenting that address to the external !/O 
port selection logic for WRR or RDR instructions which 
follow. To accomplish this, the 4289 behaves as follows: 


a. When the processor executes an SRC instruction, the 
4289 stores the address sent out by the processor at X 
and X,. The contents of the upper 4-bits of the SRC 
register are transferred during every X, time to the 
chip select lines and are available for subsequent I/O 
instructions’ port selection. 

. When the processor then executes a WRR instruction, 
the 4289 latches the data sent out by the processor at 
Xz and transfers this datd to the I/O output buffer. This 
buffer is enabled during X, and transmits the data to 
the selected output port. So that external port logic 
may be enabled to receive the data, the 4289 
generates the OUT strobe signal. 

. When the processor executes an RDR instruction, the 
4289 generates the IN strobe. This enables the 
selected input port to transmit its data to the I/O bus, 
where it is latched by the 4289 and transferred to the 
processor at Xo. 


Note that in a system using ROMs, the 4 bit port number 
is decoded by the ROM chip itself. Where a 4289 is used, the 
4 bit port number outputted at the chip select lines Co-C3 
must be externally decoded to select the appropriate 1/O 
device. 


Read/Write Program Memory Operations 


If the 4289 is used in conjunction with the 4040, both the 
WRITE and READ PROGRAM MEMORY (WPM/RPM) 
functions are directly available (only the WPM is available 
for 4004 systems). To accomplish these operations, the 
following are required: 


a. A program memory address. 

b. The proper control signals. 

c. A means of transmitting the data to be stored or 
fetched. 


The 4289 provides all of these as described below. 


Program Memory Address 


The address for an RPM or WPM operation is provided by 
the 8 bit contents of the SRC register. Note that the RPM or 
WPM instruction must have been preceded by an SRC 
instruction which loaded an 8-bit address into the 4289's 
SRC register. This 8-bit address is the full address of an 8-bit 
word in one Read/Write Program Memory page (256 bytes). 
If more than one page of Read/Write Program Memory is 
desired, these pages must be selected by external logic 
controlled via other output ports of the system. At X, of 
every instruction cycle the 8 bit value contained in the SRC 
register is transferred to the address output buffers Ag-A7. 
This address will select 1 out of 256 program memory words. 


During execution of WPM or RPM, the 4289 does not 
transfer the high order 4 bits of the SRC register to Co-C3. 


4289 


Instead, it forces all 4 chip select output buffers to a logic “1” 
state (positive true logic or Vsgs). This forcing of Co-Cz to all 
“1s” can be used to indicate the execution of aWPM or RPM 
instruction. The PM output signal is also generated 
whenever a proper memory operation (WPM or RPM) is 
being performed. If only one page of R/W memory is 
required, the 1111 condition on Co-C3 or the PM signal can 
be used to enable that page. If more than one page is 
required, an additional output port of the system along with 
external logic will be necessary to provide the 1 out of 16 
page select function. 


Since the program memory is organized as 8 bit words, 
and since RPM and WPM are transmitting only 4 bit words, it 
is also necessary to specify either the upper or lower half- 
byte of program memory. 


This is done automatically by a FIRST/LAST flip-flop and 
output signal in the 4289. The state of this flip-flop is used to 
generate the control signal F/L which determines the proper 
half-byte of program memory. If F/L is a logic “1” state 
(Vpp), OPR is selected. When F/L is alogic “0” (Vss), OPA is 
selected. The user can directly reset the FIRST/LAST flip- 
flop to logic “0” (Vss) in the 4289 by applying a RESET 
signal. 


Starting from a “reset” condition the FIRST/LAST flip- 
flop automatically toggles after executing either an RPM or 
WPM instruction. Hence, odd numbered program memory 
operations select OPA and even numbered program 
memory operations select OPR (starting with #1 from reset). 
Alternate WPM and RPM instructions should be used with 
care since this can cause an out of sequence with the F/L 
line. 


The OUT strobe signal is generated only during WRR 
and WPM instructions. Hence, the combination of the PM 
signal (or Co-C3 = 1111) and the OUT signal can be used as 
a WRITE ENABLE for R/W program memory. 


Program Memory Data Paths 


When the processor executes the WPM instruction, the 
4289 latches the data sent out at X2 by the processor and 
transfers it via the |/O output buffers to the |/O port. The I/O 
port must be connected to the data input pins of the R/W 
memory chips. (Refer to Figure 2 which follows.) 


If the processor (4040) executes the RPM instruction, 
then the entire 8 bit program memory word is transferred to 
the OPRg-OPR3 and OPA,-OPA, inputs of the 4289. 
Depending on the state of the F/L signal, either the OPA or 
the OPR half-byte is automatically selected by the 4289. 


Data Storage 


If Read/Write Memory is interfaced to a 4289 and is 
used for data storage only, the data is accessed via the WPM 
and RPM instructions just as Read/Write Program Memory 
would be accessed. The only difference that the chip select 
lines Cg-C, are never used to select the Read/Write Memory 
in an instruction fetch operation. The PM pulse would be 
used to select the Read/Write data memory. 


Note that the RAM instructions ROM, WRM, WRO-WR3, 
RDO-RD3, SBM and ADM cannot be used to access this 
type of data Read/Write memory. 
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4008/4009 and 4289 Differences 


The functional differences between a 4289 and a 
4008/4009 Standard Memory Interface component pair are 
as follows: 


1. The PM pulse of the 4289 (negative logic) is inverted 
in comparison with the W pulse of the 4008 (positive 
logic). 

. The W pulse of the 4008 begins in X2 and ends in X3. 
The 4289’s PM pulse begins in X1 and ends in A1. 

. The OUT strobe of the 4289 goes to logical 1 (Vpp) for 
the WRR instructions and the WPM instructions. The 
OUT strobe of the 4009 goes to logical 1 (Vpp) for the 
WRR instruction only. 


4289 Applications 


The 4289 can be used to form systems of widely varying 
complexity. Simple systems containing only one page (256 
x 8) of PROGRAM MEMORY and few I/O ports, or more 
complex systems requiring as many as 32 pages (8K x 8) of 
memory and 32 I/O ports can readily be implemented. 
Several examples will be described here. 


1. Basic PROM Microcomputer System (Figure 1). This 
system contains: 
a. 1K x 8 bits of PROGRAM MEMORY (4702A PROM) 
b. 1280 bits of DATA MEMORY (4002 RAM) 
organized as 16 20-character registers 
c. 4 RAM output ports (4002) 
d. 41/0 ports. 


This system uses a 3205 1 out of 8 decoder to decode 
the input port addressed by the CPU. Two chip select 
signals (Co and C1) are combined with the IN signal, which 
is activated low to indicate an input operation, to select one 
of four input ports. The 3205 enables one DM 7098 three- 
state buffer. 


in asimilar manner, one 3205 and the OUT signal, which 
is activated to indicate an output operation, are used to 
select one of four output ports. 


2. Standard PROM and RAM Memory System (Figure 2). 
This system again contains 4 pages of PROM storage 
but, in addition, has one page of RAM storage which 
can be used for either PROGRAM or DATA storage by 
using the WPM/RPM instructions. (The RPM instruc- 
tion is valid only with the 4040.) The RAM storage has 
been implemented with two 2101’s (256 x 4 static 
RAM). Notice that separate WRITE ENABLE signals 
must be generated for the upper and lower half-bytes 
of RAM. 


Note that the inputs to the 2101 RAMs are connected to 
the 4289 I/O port while their outputs are connected directly 
to the OPR-OPA lines. 


The 2101 RAMs can be chip selected through their active 
low chip select lines in either of two cases: 


1. By an address decode of 4 when the RAMs are 
addressed as Program Memory for instruction fetch. 
2. By the PM signal when addressed as a RAM read or 
write via an RPM or WPM instruction. For write 
operations, the TTL logic shown selects one of the 
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Figure 2. PROM and RAM System. 
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Figure 3. Two Memory Bank System. 
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4289 


i 


4289, 4702A System Considerations 


1. When utilizing the 4289 with more than six 4702As,a 
TTL buffer as shown in Figure 4 should be inserted in 
series with the OPR, OPA lines to achieve maximum 
clock rate. The buffer may be inverting or non- 
inverting. 


two 2101 Read/Write lines according to the F/L signal 
of the 4289. 


The TTL buffers are placed on the data bus to facilitate 
the compatability between the NMOS RAMs and the PMOS 
PROMS. The inverters limit the negative excursion of the 
PROM outputs which may damage the RAMs. The TTL pull- 
up is required to ensure the V,,, threshold level. 


However, use of a 5.1K resistor on the 4702A output 
3. Two Memory Bank System (Figure 3). Two 4289s are 


to Vss will allow up to 6 x 4702As to be used without 


used in this 4040 system giving addressability to a full 
8K bytes of PROM memory. In this case each 4289 is 
controlled from a separate CM-ROM control signal. 


TTL buffers and still achieve maximum clock rate. 


. 4702A access times to meet MCS-40 at tcy = 1.35 sec 


are guaranteed with pure capacitive load of 75pF and 


The CM-ROMg and CM-ROM} lines are generated by 
the 4040. This system cannot be implemented with 
the 4004. 


with load of 240pF plus a TTL buffer on the 4702A 
Output. 


To operate with more than 6 x 4702A without TTL 
buffer, the limiting specification is tco and this 
increases 5 nsec/pF for capacitance above 75pF; 
MCS-40 tcy must be increased 2.5ns/pF. 


FOR MAXIMUM SPEED IF UP TO6 x 4702A 
USED WITHOUT TTL BUFFER. 


DATA BUS 


4004/4040 


IF NECESSARY TO LIMIT TTL 
INPUT CLAMP CURRENT 


OPA/OPR | 


FOR Maximum | 
SPEED IF MORE = 

8 THAN 6 X 4702A | ao ee 
Mg pease eed “ee oe Vat ae aad Seas 


FOR Vpp1 =-10V | 
OMIT IF Vpp, = OV | 


Dis ate 


Voc = +5V = Veg 
Vop = -10V 


Figure 4. 4289 and 4702A Block Diagram. 
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4289 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias 
Storage Temperature ............. 0... .0e eee. 
Input Voltages and Supply Voltage 

with respect to Vss 
Power Dissipation 


0°C to 70°C 
-55°C to + 125°C 


CY 


1.0 Watt 


i 


D.C. and Operating Characteristics 


“COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


Ta = 0°C to 70°C; Vss -Vpp = 15V +5%; topw = tép1 = 400 nsec; typ2 = 150 nsec; 4289 Vpp1 = Vss -5V. Logic ‘’0’’ is defined 
as the more positive voltage (Vitj, VoH); Logic ‘1” is defined as the more negative voltage (Vi, Voz); Unless Otherwise Specified. 


SUPPLY CURRENT 


Test Conditions 


INPUT CHARACTERISTICS—ALL INPUTS EXCEPT I/O PINS 
Nay Input Leakage Current 


Vic = Vop 
Vin Input High Voltage (Except Clocks) Vgg-1.5 Vggt.3 
OUTPUT CHARACTERISTICS—ALL OUTPUTS EXCEPT I/O PINS 
lLo Data Bus Output Leakage Current 10 Vout = -12V 
Vor Output High Voltage Vgs-.5V Vg Capacitive Load 
lo Address Line Sinking Current 7 13 mA Vout = Vss, 
Vpp1 = Vop 
lot In, Out, F/L, PM Sinking Current, Chip Select mA Vout = Vss -4.85 
Vpp1 = Vpp 
VOL Output Low Voltage, Data Bus, CM, SYNC Vee=12 Vsg-6.5 lo = 0.5mA 
Rou Output Resistance, Data Line 0” Level 150 250 Vout = Vss -.5V 
Row Address, Chip Select Output Resistance, ‘’0’’ Level ae ae ee Vout = Vss -.5V 


1/0 INPUT CHARACTERISTICS 


1/0 OUTPUT CHARACTERISTICS 


Row 1/O Output “0” Resistance 

lon [/O Output “1” Sink Current 5 
lot 1/O Output “1” Sink Current 

IcF [/O Output ‘1’’ Clamp Current 


lout =0 
.25 1.0 Vout = Vss--5 
Vout = Vss --5 
Vout = Vss -4.85V 


Vout = Vss -6V 


N 
3/3/3/2 
3/3|3/8|< 


Notes: 1. The address lines will drive a TTL load if a 4702 resistor is connected in series between the address output and the TTL input. 
2. 4289 Address (Ag-A7) Outputs are also tied to Vpp 4 but are tested with capacitive load only. 
3. TTL VOH = 2.4V will ensure 4289 Vi} = Vsg -1.5V via the 4289 latch. Refer to Figure 5. 


8-80 


4289 


D.C. and Operating Characteristics (continued) 
CAPACITANCE 


Limit 
Cy Clock Capacitance 14 20 Vin = Vss 


Cop Data Bus Capacitance 7 10 Vin = Vss 
4289 Io, VS. Voy, (FOR 1/0 PINS) 4289 Ipp VS. TEMPERATURE 


15 


Ty = 25°C 
Vpp = Veg -15V 

10 
ed q 
E E 
a Q 
20 oO 

5 

0 

-40 -20 0 20 40 60 80 85 
TC) 
Wis 1/0 Vpp EXPLANATION: 


WITH Vss = +5V and Vpp = -10V, AN EXTERNAL TTL INPUTTING TO 
THE 4289 ON THE I/O LINE, RAISES THE I/O LINE TO 2.4V. THE Q1-RA 
INVERTER TURNS “OFF” AND Q2 PULLS THE I/O LINE TO Veg. A LOW 
TTL SIGNAL OVERRIDES Q2. IF THE TTL OUTPUT GOES TO THE THIRD 
|— STATE, THE EXTERNAL 1/0 LINES REMAIN HIGH THROUGH Q2. 
THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 
Vec = Vgg ON TTL OUTPUTS, AS R) DOES ON 4001/4308 INPUT PORTS. 


: — 


1/0 INTERNAL = = 


Figure 5. 4289 I/O Latch. 
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A.C. Characteristics 
Ta = 0°C to 70°C, Vsg -Vpp = 15V +5% 


Limit 
Symbol Parameter Min. Typ. Max. Test Conditions 
tcy Clock Period usec 
tor Clock Rise Time ee 
tor Clock Fall Time PB 
tdpw Clock Width 380 480 
tép1 Clock Delay ¢; to ¢2 400 550 


tdp2 Clock Delay $2 to ¢4 150 
tw Data-In, CM, SYNC Write Time 350 100 
tyl1.3] | Data-In, CM, SYNC Hold Time 
tosi2! | Set Time (Reference) 


> 
© 
NO 
oO 


tacc Data-Out Access Time CoutT = 
Data Lines 930 500pF Data Lines 
SYNC 930 5OOpF SYNC 
CM-ROM 930 160pF CM-ROM 
CM-RAM 930 50pF CM-RAM 
toH Data-Out Hold Time | 50 150s Cout = 20pF 
ta i!4] | $4 to Output Delay Ay 400 1000 Cy = 250pF; Ag-A3 
tTa71!4] | Data Bus to Output Delay A, 500 700 S C. = 250pF; Ap-A3 
ta2/41 | 1 to Output Delay Az 400 580 Cy = 250pF; Ag-A7 
tra2/4] | Data Bus to Output Delay Ag Cy = 250pF; Aq-A7 


oO 

oO 

oO 

| 

i=) 

i=) 
77 a n 


tcs!4.5] | ¢, to Chip Select Output Delay A3 150 350 n Cy = 50pF 

ttc [4.5] | Data Bus to Chip Select Output Delay A3 250 350 C,. = 50pF 

twip OPR to Data Bus Delay 250 350 ns Court = 20pF, Data Bus 
tsrc Output Delay at X; Time 400 700 n C. = 250pF 

tsi | IN Strobe Delay Time Po 500 C_ = 50pF 

tso OUT Strobe Delay Time, Falling fo 500 | C,. = 50pF 

tp,1/0 1/O Output Delay Time C,. = 300pF 


twi Data In Write Time 350 Court = 200pF, Data Bus 


Notes: 1. ty measured with tgR = 10nsec. 

2. Tacc is Data Bus, SYNC and CM-line output access time referred to the $9 trailing edge which clocks these lines out. tos is 
the same output access time referred to the leading edge of the next @2 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at Mz and X2 always enter a float state 
until the 4004/4040 takes over the data bus at X14 and X3 time. Therefore the ty requirement is always insured since each 
component contributes 10uA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1V/us. 

4. ta1, ta2. tcs apply if Data Bus is valid before $1 trailing edge. tra, ttc apply if Data Bus becomes valid after #4 trailing edge. 

5. Measured at output of 3205 decoder. 
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Figure 6. MCS-40 Timing Detail. 
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Figure 7. MCS-40 Timing Diagram for 4289, 
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4002 
320 BIT RAM AND 4 BIT OUTPUT PORT 


=» Four Registers of 20 4 Bit =» 16 Pin Dual In-Line Package 


Spee = Standard Operating 
= Direct Interface to MCS-40™ Temperature Range of 


4 Bit Bus 0° to 70°C 


» Output Port Low-Power TTL » Also Available With -40° 
Compatible to +85°C Operating Range 


The 4002 performs two distinct functions. As a RAM it stores 320 bits arranged in 4 registers of twenty 4 bit characters each (16 
main memory characters and 4 status characters). As a vehicle of communication with peripheral devices, it is provided with 4 
output lines and associated control logic to perform output operations. The 4002 is a PMOS device and is compatible with all 
MCS-40™ components. 

The 4002 is available in two options, the 4002-1 and 4002-2. Along with an external pin connected to either Vpp or Vsg, a two bit 
chip selection address is provided allowing a maximum of 1280 bits of 4002 RAM on a single MCS-40 CM-RAM line. Thus, the 
four CM-RAM lines give a maximum of 5120 bits of 4002 RAM in an MCS-40 system. 


PIN CONFIGURATION BLOCK DIAGRAM 


$y O—$—___________» 
TIMING ~G——_———© SYNC 
$2 O——_—__________»> 


o, (1 16[ 0, 
= © Vss 
Cy 
DATA]! OUTPUT <«——_0 Vv 
BUS LINES Be 
V0 | 0, 
Do 
0,094 131 Jo, Oo CM 
Di 0 DATA CONTROL 
é Rv BUS LOGIC AND , 
“ss - Yoo many Doo IN-OUT INSTRUCTION Po 
CLOCK BUFFER DECODE 
aiace "| # C6 cM {omtra D, © ee 
CLOCK|¢ HARD WIRED 
PHASE 2] 2 OF J Po yes SELECT 
INPUT 
SYNC MEMORY 
inpur f SYNC Las }] RESET DATA 


MUX 


DATA 
OUT 


ADDRESS 
OUTPUT REGISTER 


PORT 


AND 
DECODER 
|| ADDRESS 
4X16 
— or 
aa A STATUS 
4X4 a 


© 000 
O, 0, 0, 03 
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4002 


Pin Description 


Pin No. 
1-4 


6-7 


10 


Designation 
Do-D3 


Vss 
64-62 


SYNC 


RESET 


Po 


Description of Function 


Bidirectional data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the RAM MEMORY 
or the output port is trans- 
mitted on these 4 pins. 


Most positive supply voltage. 


Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 


Synchronization input signal 
driven by SYNC output of 
processor. 


RESET input. A logic negative 
level (Vpp) applied to the chip 
will cause a clear of all output 
and control static flip-flops and 
will clear the RAM array. To 
completely clear the memory, 
RESET must be applied for at 
least 32 instruction cycles (256 
clock periods) to allow the in- 
ternal refresh counter to scan 
the memory. During RESET 
the data bus output buffers are 
inhibited (floating condition). 


The chip number for a 4002 is 
assigned as follows: 


SRC ADDRESS 
(RRR EVEN) 


11 


12 


13-16 


CM 


VpD 


03-05 


Command input driven by 
CM-RAM output of processor. 
Used for enabling the device 
during the decoding SRC and 
instructions. 


Main power supply pin. Value 
must be Vss - 15V + 5%. 


Four bit output port used for 
transferring data from the CPU 
to the users system. The out- 
puts are buffered and data re- 
mains stable after the port has 
been loaded. This port can be 
made low power TTL compat- 
ible by placing a 12K pull-down 
resistor to Vpp on each pin. 
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Functional Description 


The twenty 4 bit characters for each 4002 register are 
arranged as follows: 


1. 16 characters addressable by an SRC instruction. 
Four 16 character registers constitute the ‘main’ 
memory. 


2. 4 characters addressable by specific RAM instruc- 
tions. Four 4 character registers constitute the ‘‘status 
character’’ memory. 


The status character location (0 through 3) as well as the 
operation to be performed on it are selected by the OPA 
portion of the I/O and RAM instructions. 

The RAM Registers Locations, Status Characters, and 
Output Port are select and accessed with a corresponding 
RAM Instruction. 


There can be up to four RAMS per RAM Bank 
(CM-RAM). There can be four RAM banks per system with- 
out decoding or 8 with decoding. 

Bank switching is accomplished by the CPU after receiving 
a “DCL” (designated command line) instruction. Prior to 
execution of the DCL instruction the desired CM-RAM code 
has been stored in the accumulator (for example through an 
LDM instruction). During DCL the CM-RAM code is trans- 
ferred from the accumulator to the CM-RAM register. The 
RAM bank is then selected starting with the next instruction. 

If no DCL is executed prior to SRC, the CM-RAMp will 
automatically be activated at the Xz state of the instruction 
cycle provided that RESET was applied at least once to the 
system (most likely at the start-up time). 


Instruction Execution 


An SRC (Send Register Control) instruction is executed 
to selecta RAM anda character within that RAM (fora RAM 
read or write instruction) prior to the succeeding RAM or 
I/O instruction’s execution. 

The eight bits of the register pair addressed by the SRC 
instruction are interpreted as follows: 


a. The first four bits sent out at X> time select one out of 
four chips and one out of four registers. The two higher 
order bits (D3, Dz) select the chip and the two lower 
order bits (D;, Dg) select the register. 


b. The second 4-bits (X3 time) select one 4-bit character 
out of 16. The address is stored in the address register 
of the selected chip (second 4 bits are not used for 
status character reads or writes or for I/O output in- 
structions). 


The following RAM and I/O output instructions are executed 
by the 4002. 


1. RDM _ Read RAM character 
The content of the previously selected RAM main 
memory character is transferred to the accumulator. 
The 4 bit data in memory is unaffected. 


4002 


RDO-3 Read RAM status characters 0-3 

The 4 bits of status characters 0-3 for the previously 
selected RAM register are transferred to the 
accumulator. 


WRM_ Write accumulator into RAM character 

The accumulator content is written into the pre- 
viously selected RAM main memory character 
location. 


WRO-3 Write accumulator into RAM status charac- 
ters 0-3 

The content of the accumulator is written into the 
RAM status characters 0-3 of the previously selected 
RAM register. 


WMP Write memory port 

The content of the accumulator is transferred to the 
RAM output port of the previously selected RAM 
chip. The data is available on the output pins until a 
new WMP is executed on the same RAM chip. The 
content of the ACC and the carry/link are unaffected. 
(The LSB bit of the accumulator appears on Oo, Pin 
16 of the 4002.) 


ADM Add from memory with carry 


The content of the previously selected RAM main 
memory character is added to the accumulator with 
carry. The RAM character is unaffected. 


SBM Subtract from memory with borrow 


The content of the previously selected RAM charac- 
ter is subtracted from the accumulator with borrow. 
The RAM character is unaffected. 
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Timing Considerations 


Presence of CM-RAM during X2 tells 4002's that an SRC 
instruction was received. For a given combination of data at 
X2 on Dz, D3, only the chip with the proper optien 
and Pg state will be ready for the [/O or RAM operation that 
follows. 

When an !/O or RAM instruction is received by the CPU, 
the CPU will activate one CM-RAM line during Mo, in time 
for the 4002’s to receive the OPA (2nd part of the instruc- 
tion), which will specify the 1/0 or RAM operation to be 
performed. 

In the I/O mode of operation, the selected 4002 chip (by 
SRC), after receiving the OPA of an 1/O instruction 
(CM-RAM activated at Mo), will decode the instruction. 

If the instruction is WMP, the data present on the data bus 
during Xz °* $2 will set the output flip-flops associated with 
the I/O pins. That information will be available until next 
WMP for peripheral devices control. 

In the RAM mode, the operation is as follows: When the 
CPU receives an SRC instruction, it will send out the content 
of the designated index register pair during Xg and X3 and 
will activate one CM-RAM line at X for the previously 
selected RAM bank. 


All RAM mode instructions will be executed during the 
X2 and X3. The instruction decoding is performed during the 
Mz time when the OPA portion of the instruction is 
decoded. The CM-RAM of the selected Bank is enabled at 
that time. 


4002 


Absolute Maximum Ratings* 


0°C to 70°C 
-55°C to + 125°C 


Ambient Temperature Under Bias 
Storage Temperature ............ cece eee 
Input Voltages and Supply Voltage 

with respect to Vss 
Power Dissipation 


ees ereeee ee eee ese 


+0.5V to -20V 
1.0 Watt 


eoeoeceeaesee ee eee ere see ee eee ewe snes ee eves 


D.C. Characteristics 


*COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


Ta = 0°C to 70°C; Vsg-Vpp = 15V +5%; tgpw = tgp1 = 400 nsec; tgp2 = 150 nsec. Logic “0” is defined as the more positive 
voltage (Vij, VoH); Logic “1” is defined as the more negative voltage (Vi_, Vo); Unless otherwise specified. 


SUPPLY CURRENT 


Parameter 


Average Supply Current 
INPUT CHARACTERISTICS 


Vine 

Viie 

OUTPUT CHARACTERISTICS — ALL OUTPUTS EXCEPT I/O PINS 

IOL Data Lines Sinking Current F815 ma VouTt=Vss 
VoL Output Low Voltage, Data Bus, CM, SYNC Vgg-12 Vgg-6.5 lo. =0.5mA 
Row Output Resistance, Data Line “0” Level 150 250 Vout=Vss--5V 
1/0 OUTPUT CHARACTERISTICS 

Row | I/O Output “0” Resistance VouT=V6s--5V 
ing 1/O Output “1” Sink Current VouT=Ves-.5V 
lof] | 1/0 Output “1” Sink Current | 08 3 | mA | Vour=Ves-4.85V 
CAPACITANCE 


Note: 1. For TTL compatibility, use 12k2. external resistor to Vpp. 
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4002 


Typical D.C. Characteristics 


OUTPUT CURRENT VS. POWER SUPPLY CURRENT 
VS TEMPFRATURE 


OUTPUT VOLTAGE 


Vop = -15.0V 
toPw = toD1 = 400 nsec 
toD2 = 150 nsec 


tgD2 = 150 nsec 


OUTPUT CURRENT (mA) — Io, 
POWER SUPPLY CURRENT (mA) — Ipp 


OUTPUT VOLTAGE (Vv) AMBIENT TEMPERATURE (°C) 


A.C. Characteristics 
Ta = 0°C to 70°C, Veg-Vpp = 15V +5%. 


diti 
Symbol Parameter Min. Typ. Max. Test Conditions 


tcy Clock Period 1.35 2.0 bsec 
tor Clock Rise Time 
tor Clock Fall Times 


| usec 
Eon 
<a 
typw | Clock Width 480 | ns | 
ns | 
pons 
| ns 
ns 
ps 


tep2 Clock Delay $2 to $4 
tw Data-In, CM, SYNC Write Time 
ty!1.3] Data-In, CM, SYNC Hold Time 


teo1 Clock Delay $1 to ¢2 400 550 


aS 
© 
NO 
io) 


OO 
© 
Oo 


tosl2] | Set Time (Reference) 


tacc Data-Out Access Time Cout = 
Data Lines 930 ns 500pF Data Lines 
SYNC 930 ns 500pF SYNC 
CM-ROM 930 ns 160pF CM-ROM 
CM-RAM 930 ns 50pF CM-RAM 


Notes: 1. tyy measured with tgp = 10nsec. 
2. Tacc is Data Bus, SYNC and CM-line output access time referred to the $9 trailing edge which clocks these lines out. tos is the 
same output access time referred to the leading edge of the next $9 clock pulse. 
3. All MCS-40 components which may transmit instruction or data to 4004/4040 at Mg and X2 always enter a float state until the 
4004/4040 takes over the data bus at X1 and X3 time. Therefore the ty requirement is always insured since each component 
contributes 10uA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change faster than 1V/us. 
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4002 


X, A, A, A, M, M, X, X, X, 
OPA (4004) IF 1OR 
AC (4040) PORT/RAM 
DATA BUS CPU cpu cPU ROM ROM CPU ELSE CPU cPU 
ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED 


4 
10% 10% 
2 
90% 90% 
SYNCH 
IF NOT SECOND CYCLE OF 2 CYCLE INSTRUCTION (4040 ONLY) 
CM-RAM, ROM 


Figure 1. Timing Diagram. 


4 

10% 
o 
2 90% 
DATA BUS, CM V at 
(INPUTS) 16s A -5V 
(REFERENCE) —> 

DATA BUS, CM Hy 
(OUTPUTS) -5V 


Figure 2. Timing Detail. 
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intel 
4001 


256 x 8 MASK PROGRAMMABLE ROM 
AND 4 BIT I/O PORT 


= Direct Interface to MCS-40™ s Standard Operating 


4 Bit Data Bus Temperature Range of 
= 1/O Port Low-Power TTL 0° to 70°C 

Compatible = Also Available With -40° to 
= 16 Pin Dual In-Line Package +85°C Operating Range 


The 4001 performs two basic and distinct functions. As a ROM it stores 256 x 8 words of program or data tables; as a vehicle of 
communication with peripheral devices it is provided with 4 I/O pins and associated control logic to perform input and output 
operations. The 4001 is a PMOS device, compatible with all other MCS-40™ devices. 


PIN CONFIGURATION BLOCK DIAGRAM 


ROM TIMING 


0), LJ" 16 TJ 1/05 
bv, (}2 an <——_° Vsg 
DATA |! Vy INPUT/ 
BUS OUTPUT 
V0 0, 1/02] LINES <——0V,p 
0,L94 13. J 1/03 CM 
Vs5 (5 121] Yop f 
clock] ¢ Haden aad es DATA ou 
ae CM4 CONTROL 
IN-OUT CONTROL 
erocnlé BE 10) cr {CLEAR INPUT D, ; 
PHASE 2] 2 FOR 1/0 LINES oD BUFFER 
SYNC 30 
pur f SYNC Cs 9 [_) RESET 


a fr sista 
K | pata 
f MUX 


ADDRESS 


erean aa tags 


pe 


DECODER 


O 
1/0, 1/0, 
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4001 


Pin Description 


Designation/ 
Type of Logic 


Do -D3/Neg. 


Pin No. Description of Function 


1-4 Bidirectional data bus. All ad- 
dress and data communication 
between the processor and 


ROM is handled by these lines. 


5 Vss Most positive supply voltage. 


6-7 $1, 62/Neg. Non-overlapped clock signals 


which determine device timing. 


SYNC/Neg. System synchronization signal 


generated by processor. 


9 RESET/Neg. Reset input. A negative level 
(Vpp) on this pin will clear in- 
ternal flip-flops and buffers. 
The input buffers are not 


cleared by this signal. 


10 CL/Neg. Clear input for I/O lines. A neg- 
ative level on this pin will clear 
the |/O buffers. This pin may 
be driven by a TTL output and 


a 1K pull-up to Vss. 


11 CM-ROM/Neg. Chip enable generated by the 


processor. 


12 Main supply voltage value. Must 


be Vsg — 15.0V +5%. 


A single !/O port consisting of 
4 bidirectional and selectable 
lines. 


Vpp 


13-16 — 1/O9-1/03/Neg. 


Functional Description 


Address and data are transferred in and out by time multi- 
plexing on 4 data bus lines. Timing is internally generated 
using two clock signals, $4 and ¢2, and a SYNC signal sup- 
plied by the CPU. Addresses are received from the CPU on 
three time periods following SYNC, and select 1 out of 256 
words and 1 out of 16 ROM’s. For that purpose, each ROM 
is identified as #0, 1, 2, through 15, by metal option. A 
Command ROM Line (CM-ROM) is also provided and it 
is used to select a ROM bank (group of 16 ROM’s). 

During the two time periods of the instruction cycle (M, 
& My) following the addressing time, information is trans- 
ferred from the ROM to the data bus lines. 


A second mode of operation of the ROM is as an Input/ 
Output control device. In that mode a ROM chip will route 
information to and from data bus lines in and out of 4 1/O 
external lines. Each chip has the capability to identify itself 
for an I/O port operation, recognize an I/O port instruction 
and decide whether it is an Input or an Output operation and 
execute the instruction. An external signal (CL) will asyn- 
chronously clear the output register during normal operation. 
All internal flip flops (including the output register) will 

be reset when the RESET line goes low (Vpp). 
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1/O Options 


Each !/O pin on each ROM can be uniquely chosen to be 
either an input or output line by metal option. Also each 
input or output can either be inverted or direct. When the 
pin is chosen as an input it may have an on-chip resistor 
connected to either Vpp or Vss. 


Instruction Execution 


The 4001 responds to the following instructions. 


1. SRC Instruction (Send address to ROM and RAM) 


When the CPU executes an SRC instruction it will send 
out 8 bits of data during Xz and X3 and will activate 
the CM-ROM and one CM-RAM line at X9. Data at Xo, 
(representing the contents of the first register of the 
register pair addressed by the SRC instruction) with 
simultaneous presence of CM-ROM, is interpreted by 
the 4001 as the chip number of the unit that should 
later perform an I/O operation. Data at X3 is ignored. 


2. WRR — Write ROM Port 


The content of the accumulator is transferred to the 
ROM output port of the previously selected ROM chip. 
The data is available on the output pins until a new 
WRR is executed on the same chip. The ACC content 
and carry/link are unaffected. (The LSB bit of the 
accumulator appears on |/Qg.) No operation is per- 
formed on I/O lines coded as inputs. 


3. RDR — Read ROM Port 


The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. 


If the !1/O option has both inputs and outputs within the 
same 4 I/O lines, the user can choose to have either “‘0”’ 
or ‘1’ transferred to the accumulator for those 1/O pins 
coded as outputs, when an RDR instruction is executed. 
For example, given a port with the I/O lines coded 
with 2 inputs and 2 outputs, when RDR is executed, 
the transfer is as shown below: 


(ACC) 
(1or 0) (1or0) O 


I3 O2 0; lo 
1 X XX O —Be 1 


input Data User can choose 


Timing Consideration 


In the ROM mode of operation the 4001 will receive an 8 
bit address during A; and Az times of the instruction cycle 
and a chip number, together with CM-ROM, during A3 time. 
When CM-ROM is present, only the chip whose metal option 
code matches the chip number code sent during A3 is allowed 
to send data out during the following two cycles: M, and Mp9. 


The activity of the 4001 in the ROM mode ends at Mo. 


4001 


The 4001 can have a chip number via the metal option 


from 0 — 15. 

In the |/O mode of operation, the selected 4001 (by SRC), 
after receiving RDR will transfer the information present at 
its 1/O pins to the data bus at X2. If the instruction received 
was WRR, the data present on the data bus at X2°2 will be 
latched on the output flip-flops associated with the I/O lines. 


Ordering Information 


When ordering a 4001, the following information must be 
specified: 


1. Chip number 
2. All the metal options for each !/O pin. 
3. ROM pattern to be stored in each of the 256 


locations. 


A blank customer truth table is available upon request 
from Intel. A copy of this table is shown and blank copy can 


be found following the detailed 4001 characteristics. 


EXAMPLES — DESIRED OPTION/CONNECTIONS RE- 
QUIRED 


1. Non-inverting output (negative logic output) — 1 and 3 
are connected. 
2. Inverting output (positive logic output) — 1 and 4 are 


connected. 


input) — only 5 is connected. 


put) — 2, 6, 7, and 9 are connected. 


Non-inverting input (no input resistor — negative logic 


Inverting input (input resistor to Vss — positive logic in- 


5. Non-inverting input (input resistor to Vpp — negative 
logic input) — 2, 7, 8, and 10 are connected. 
6. If inputs and outputs are mixed on the same port, the 


pins used as the outputs must have the internal resistor 
connected to either Vpp or Vsgs (8 and 9 or 8 and 10 
must be connected). This is necessary for testing pur- 
poses. For example, if there are two inverting inputs 
(with no input resistor) and 2 non-inverting outputs the 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias 
Storage Temperature ...................0000. 
Input Voltages and Supply Voltage 

with respect to Vss 
Power Dissipation 


Ce 


Ce 


ey 


connection would be made as follows: 


Inputs — 2 and 6 are connected 
Outputs — 1, 3, 8 and 9 are connected or 
1, 3, 8 and 10 are connected 


If the pins on a port are all inputs or all outputs, the 
internal resistors do not have to be connected. 


It should be noted that all internal logic and processing is 
performed in negative logic, i.e., ‘1’’ equals Vpp and *‘0” 
equals VsSs. For positive logic conversion, the inverted 
options should be selected. 

TTL compatibility is obtained by Vpp =-10V +5% and 
Vss = 5V + 5%. An external 12K resistor should be used on 
all outputs to insure the logic ‘’0” state (VOL). 


DATA 


ROM BUS O Dy 
PATTERN OUTPUT (PIN 1) 
BUFFER 


OUTPUT 
F/F 


1/05 
(PIN 16) 


*1/0,, 1/02, AND 1/03 
FOLLOW THE SAME FORMAT. 


2 


4001 Available Metal Option for Each I/O Pin. 


0°C to 70°C 
-55°C to + 125°C 


+0.5V to -20V 
1.0 Watt 
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“COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


4001 


D.C. and Operating Characteristics 


Ta = 0°C to 70°C; Vsg -Vpp = 15V +5%; tgpw = tgp1 = 400 nsec; typ2 = 150 nsec; Logic 0” is defined as the more positive 
voltage (Vin, Von); Logic ‘’1” is defined as the more negative voltage (Vi_, Voy); Unless Otherwise Specified. 


SUPPLY CURRENT 


Test Conditions 


Parameter Min. Typ. Max. 


3/2 
> 


Average Supply Current 
INPUT CHARACTERISTICS — ALL INPUTS EXCEPT I/O PINS 


OUTPUT CHARACTERISTICS — ALL OUTPUTS EXCEPT 1/0 PINS 
Row Output Resistance, Data Line ‘‘0” Level 150 250 Vout = Vss --5V 
1/0 INPUT CHARACTERISTICS 
Vin = Vss -3V 
Vin = Vss -3V 
1/O OUTPUT CHARACTERISTICS 
Row 1/O Output ‘’0” Resistance Vout = Vss --5V 
Ei 1/O Output ‘1’ Sink Current mA | Vout = Vsg -.5V 
lo_[2]_ | 1/0 Output “1” Sink Current Vout = Vss -4.85V 
CAPACITANCE 


Notes: 1. Ry is large signal equivalent resistance to (Vgs-12) V. 
2. For TTL compatibility, use 12kQ external resistor to Vpp. 
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4001 


Typical D.C. Characteristics 


POWER SUPPLY CURRENT OUTPUT CURRENT VS. 
VS. TEMPERATURE OUTPUT VOLTAGE 


toPw = tgD1 = 400 nsec VoD = =15.0¥ 


a = = 
2 tgD2 = 150 nsec tpPw = toD1 = 400 nsec 
| 7 teD2 = 150 nsec 
< 2 
£ | 
b < 
a £ 
tc 3 
3 re 
> a 
z : 
a. 
2 5 
77) 
ra 
Ve = 
> > 
Ss re) 
a 
AMBIENT TEMPERATURE (°c) OUTPUT VOLTAGE (Vv) 


A.C. Characteristics  T, = 0°C to 70°C, Vsg -Vpp = 15V 5% 


Symbol Parameter Min. Typ. Max. Conditions 
Clock Rise Time ie: 2 eo 
Clock Fall Times ee ee 
Clock Width - 380 480 
toi | Oock Dey 60g ——SSS~dC | 
a 
tosl2] | Set Time (Reference) 0 os 
tacc Data-Out Access Time A Cout = 
Data Lines 930 5O00pF Data Lines 
SYNC 930 50O0pF SYNC 
CM-ROM 930 160pF CM-ROM 
CM-RAM 930 5OpF CM-RAM 


Notes: 1. th measured with tgR = 10nsec. 

2. Tacc is Data Bus, SYNC and CM-line output access time referred to the $9 trailing edge which clocks these lines out. tog is 
the same output access time referred to the leading edge of the next $2 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at Ma and X2 always enter a float state 
until the 4004/4040 takes over the data bus at X4 and X3 time. Therefore the ty requirement is always insured since each 
component contributes 10uA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1V/us. 

4. CL on the 4001 is used to asynchronously clear the output flip-flops associated with the I/O lines. 
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aS 


4001 


X3 A, Ay A3 M, M, x, 
OPA (4004) 
AC (4040) 
DATA BUS CPU CPU CPU | ROM ROM CPU 
ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED 
4 
= 0, 
bo 10% 
| 
SYNCH | 
| IFNOT SECOND CYCLE OF 2 CYCLE INSTRUC 
| 
CM-RAM, ROM | tFVio | | 
1/0 INPUT 
+. te >| 
IF NON-INVERTING 
1/0 OUTPUT | 
| 


CLEAR LINE (CL) 


TION (4040 ONLY) 


Xo X3 
1F 1OR 
PORT/RAM 
ELSE CPU CPU 
ENABLED ENABLED 


“T 10% 


90% 90% 


Figure 1. Timing Diagram 


<— 


— ten, 


Oy 
10% 
o 
2 | 90% 
a 
-1V 
DATA BUS, CM f TRUE X ANY 
(INPUTS) tos f\ _5V 
(REFERENCE) —» 
DATA BUS, CM TR " ~ 
(OUTPUTS) 4 -5V 


Figure 2. Timing Detail 
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4001 


en nw a a SS SSS SS 


B. ROM Code 


The format requirements are as follows: 


Programming Instructions 


To insure optimum handling of ROM programs and avoid 


: 1. All word fields are to be punched in consecutive 
delays, programs should be specified in the following format. fi 


order, starting with word field O (all addresses 
low). There must be exactly N word fields for 


Paper Tape Format* the N x 8 ROM organization. 


A 1” wide paper tape using 8 bit ASCII code, such as a 
model 33ASR teletype produces: 


A. Preamble 


1. Preceding the first word field and following the 
last word field, there should be a leader/trailer 
length of at least 25 characters. This should con- 
sist of rubout punches. 


2: Each word field must begin with the start charac- 
ter B and end with the stop character F. There 
must be exactly 8 data characters between the B 
and F. Within the word field, a P results in a high 
level output (Vss or logic 0 for MCS-40 CPUs) 
and a N results in a low level output (Vpp or logic 
1 for MCS-40 CPUs). 


Example of 256 x 8 format (N=256): 


2. Included in the tape before the leader, and pre- 
ceded by another leader, should be the cus- Start Character 
tomer’s complete telex or twx number and if Stop Character — palate’ nae ae 
more than one pattern is being transmitted, the \ 


BPPPNNNNNFBNNNNNNPPF...BNPNPPPNNF 


Word Field 0 Word Field 1 Word Field 255 


ROM pattern number. 


3. The first ROM pattern preamble field is the 


device type number or ROM number. The field 
should be framed by an “‘I”’ and ““—” 


14001— 
This should be followed by the chip select infor- 


mation encoded in decimal (two digits), and 
enclosed by “’C” and “’S”’, as in 


Between word fields, comments not containing 
B’s or F’s may be inserted. Carriage return and 
line feed characters should be inserted (as a 
“comment’’) just before each word field (or at 
least between every four word fields). When 
these carriage returns, etc., are inserted, the tape 


“ChhS” 
- may be easily listed on the teletype for purposes 
The valid select digits for the 4001 are O—15 of error checking. It may be helpful to insert the 
“COS” — “C158” word number (as a comment) at least every four 


Finally, the 1/O options would be specified ona 
port-by-port basis with the connections to be 
made separated by commas, and enclosed in 
parentheses: 

“(n1,n2,n3...)". 


where (n1, n2...) are the option numbers asso- 
ciated with one 1|/O line. Hence, for a 4001 there 
will be four bracketed collections of 1/O options. 
Each |/O pin has a series of 10 possible connec- 
tions. These connections are consecutively num- 
bered from 1-10. It is these numbers that should 
be in parentheses for each I/O pin. 


Example: ‘"( )"" indicates no connection 
“(1)” indicates only #1 
**(2,5,7)” indicates connections 
#2, 5 and 7. 


1/O options should be placed on the tape sequen- 
tially for the 4001 from 1/O0—1/03(4). Always 
avoid illegal combinations. 


*NOTE: Cards may also be submitted. 
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word fields. 

Within the ROM pattern words a character, 
“’X’" may be used. Where ‘’P”’ and “’N” indicate a 
“QO” and ‘1 setting respectively, an “’X"’ will in- 
dicate a single bit — ‘Don’t Care” setting. This 
allows the optimum default bit values to be se- 
lected by Intel. The bit value will be fixed to allow 
for testing. The values will be specified to the 
user on the Verification Listing tape. 


In the place of a standard BPNF word, a “B*nF”’ 
word may be used. This indicates that the data in 
the last BPNF word encountered is to be 
repeated for the next n words (1 <n < 1023). 
Note that if a repeat count of 4 is given in word 
position 10, then words 10, 11, 12, and 13 will 
be repeats of word 9 (except for Don’t Care bits 
which might conceivably have different assigned 
values). 


To indicate that an entire block (such as the 
remainder of a ROM) is not used (i.e., Don’t 
Care), a word of Don’t Care data can be followed 
by the remaining word count in a repeat count 
form. 


MCS® 
CUSTOM ROM 
ORDER FORM 


4001 
ROM 


intel 


CUSTOMER 


P.O. NUMBER 


DATE 


For Intel use only 


PPPP 
Zz 
DD 


All custom 4001 ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 


MARKING 


The marking as shown at the right must contain the Intel logo, the 
product type (P4001), the 4-digit Intel pattern number (PPPP), a date 
code (XXXX), and the 2-digit chip number (DD). An optional customer 
identification number may be substituted for the chip number (ZZ). 
Optional Customer Number (maximum 6 characters or spaces). 


CUSTOMER NUMBER 


DATE CODE 


INTEL PATTERN NUMBER 


CHIP NUMBER OR 
CUSTOMER NUMBER 


MASK OPTION SPECIFICATIONS 


A. CHIP NUMBER ; 
(Must be specified—any number from 
0 through 15—DD). 


B. 1/0 OPTION — Specify the connec- 
tion numbers for each I/O pin (next 
page). Examples of some of the pos- 
sible 1/O options are shown below: 


EXAMPLES — DESIRED OPTION/CON- 
NECTIONS REQUIRED 


1. Non-inverting output — 1 and 3 are 
connected. 

2. Inverting output — 1 and 4 are con- 
nected. 

3. Non-inverting input (no input resis- 
tor) — only 5 is connected. 

4. Inverting input (input resistor to Vss) 
- 2, 6, 7, and 9 are connected. 


SSS SSS SSS SSS i ee 


. .Non-inverting input (input resistor to 


Vop) - 2, 7, 8, and 10 are con- 
nected. 


. If inputs and outputs are mixed on 


the same port, the pins used as the 
outputs must have the internal re- 
sistor connected to either Vpp or 
Vss (8 and 9 or 8 and 10 must be 
connected). This is necessary for test- 
ing purposes. For example, if there 
are two inverting inputs (with no in- 
put resistor) and two non-inverting 
Outputs, the connection would be 
made as follows: 


Inputs — 2 and 6 are connected 

Outputs — 1, 3, 8, and 9 are con- 
nected or 

1, 3, 8, and 10 are connected 


If the pins on a port are all inputs or 
all outputs, the internal resistors do 
not have to be connected. 
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C. 4001 CUSTOM ROM PATTERN — 
Programming information should be 
sent in the form of computer punched 
cards or punched paper tape. In either 
case, a printout of the truth table must 
accompany the order. Based on the 
particular customer pattern, the char- 
acters should be written as a ‘’P” for 
a high level output = Vss (negative 
logic ‘’0’’) or an “‘N” for a low level 
output = Vpp (negative logic ‘’1’’). 


Note that: 
NOP = BPPPP PPPPF = 0000 0000 


MCS® CUSTOM ROM ORDER FORM 


4001, 1/0 Options 


O Dy 
(PIN 1) 


s, ae 


1/0, (PIN 16) 1/0, (PIN 15) 


CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 
CONNECTIONS ON SCHEMATIC). CONNECTIONS ON SCHEMATIC) 


a. For T2L compatibility on the !/O lines the supply voltages should be a. For T2L compatibility on the I/O lines the supply voltages should be 
= -10V #5%, Veg = +5V 25% Vop 7 -10V +5%. Veg = +5V 25% 


Vv 
00 
b. If non-inverting input option is used, Vy, = —6.5 Volts maximum (not TTL). 


b. If non-inverting input option is used, V,, = —6.5 Volts maximum (not TTL). 


1/0, (PIN 14) 1/03 (PIN 13) 
CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 
CONNECTIONS ON SCHEMATIC) CONNECTIONS ON SCHEMATIC) 


a. For T2L compatibility on the 1/O lines the supply voltages shouid be a. For T2L compatibility on the |’O lines the supply voltages should be 
Vop = —10V 25%. Veg = +5V 25% Vop = —10V *5%. Vsg = +5V +5% 
b. If non-inverting input option is used, V,, = —6.5 Volts maximum (not TTL). b. If non-inverting input option is used, V,, = —6.5 Volts maximum (not TTL). 
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intel 


4308 
1024 x 8 MASK PROGRAMMABLE ROM 
AND FOUR 4-BIT I/O PORTS 


» Direct Interface to MCS-40™ =» I/O Ports Low-Power TTL 


4-Bit Data Bus Compatible 
= Equivalent to Four 4001 ROMs __ = 28 Pin Dual In-Line Package 
= Four Independent 4-Bit 1/0 = Standard Operating 

Ports Temperature Range of 
= Input I/O Buffer Storage with 0°to 70°C 

an Optional Strobe = Also Available With -40° 


to +85°C Operating Range 


The 4308 is a 1024 x 8 bit word ROM memory with four I/O ports. It is designed for the MCS-40™ system and is operationally 
compatible with all existing MCS-40 elements. The 4308 is functionally identical to four 4001 chips. The 4308 has 16 1/O lines 
arranged in four groups of four lines. 


BLOCK DIAGRAM 


10 
"1 $$, 
sync Oe TIMING 23 0, 
la 


28 
2 ao Voo 
CM-ROM O tO Vs 
6 
0o O——-—_—_—_> 
7 ADORESS 
oO DATA BUS ROM ARRAY 
rer INOUT CONTROL revo [AND Mux 
LOGIC 1024: 8 

020 : BUFFER DECODER = 
D3 O 

13 

RESET O 
= paar 
22 | | i 
CLR/LD © iS 
1/0 PORT {/O PORT 1/0 PORT 1/0 PORT 
0 1 74 3 
| +h th eee 
@) 
1/0 00 1/0 03 1/0 19 1(/O 13 1/0 29 (/0 23 1/0 39 1/0 33 


PIN CONFIGURATION 


8-99 


a 


Pin Description 


Pin No. 
1 


2-5 

14-17 
18-21 
24-27 


6-9 


10, 23 


11 


12 


13 


28 


Designation/ 
Type of Logic 


Vss 


1/013-1/019/Neg. 
1/023-1/029/Neg. 
1/033-1/039/Neg. 
1/003-1/009/Neg. 


Do-D3/Neg. 


$1, 62/Neg. 


SY NC/Neg. 


CM-ROM/Neg. 


RESET/Neg. 


CLR/LD/Neg. 


4308 


Description of Function 
Most positive supply voltage. 


Four !/O ports consisting of 4 
bidirectional and_ selectable 
lines. 


Bi-directional data bus. All in- 
formation between processor 
and device is transmitted to 
these four pins. 


Non-overlapped clock signals 
which determine device timing. 


System synchronization signal 
generated by processor. 


Chip enable generated by the 
processor. 


Reset input. A negative level 
(Vpp) on this pin will clear in- 
ternal flip-flops and buffers. 
The input buffers are not 
cleared by this signal. 


Clear/Load input. This pin is a 
dual function pin. It may be se- 
lected as a common Clear for 
those pins selected as output 
pins or as a Load for those pins 
selected as input pins. This pin 
should be designated for one 
purpose only per 4308, either 
Clear or Load. 


As a Load, a positive (Vsg) to 
negative (Vpp) transition will 
cause the 1/O data to be placed 
in the input latch. A negative 
to positive transition will cause 
the data to be latched. The 1/O 
pin state may be altered with- 
out changing the contents of 
the latch when the line is posi- 
tive. 


As a Clear, a negative level 
(Vpp) on this line will cause the 
designated output latches to 
clear and remain cleared until a 
positive level (Vss) is placed on 
the line. This line may be driven 
by a TTL output witha 1K pull- 
up resistor to Vss. 


Main supply voltage. Value 


must be Vss -15V +5%. 
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Functional Description 


The 4308 ROM program memory is arrayed 1024 x 8 bit 
words. For the program memory mode of operation, the A1 
—A3 time periods of the instruction cycle are used to address 
the ROM contents. The 4308 decodes the first ten bits of the 
address to select 1 out of the 1024 words, 8 bits wide. The 
remaining two bits select a particular 4308, which has one of 
four possible metal option chip select addresses. Instruction 
information is available in two 4-bit segments during M, and 
M> time periods. A 4004 system can accommodate up to 
four 4308’s while a 4040 system can utilize up to eight de- 
vices. 


A second mode of operation of the ROM is as an Input/ 
Output contro! device. In that mode a ROM chip will route 
information to and from data bus lines in and out of 4 I/O 
external lines. Each chip has the capability to identify itself 
for an 1/O port operation, recognize an I/O port instruction 
and decide whether it is an Input or an Output operation and 
execute the instruction. 


All internal flip flops (including the output register) will 
be reset when the RESET line goes low (negative voltage). 


Each of the four I/O ports of a 4308 are program select- 
able. Each of the four lines can be specified as either inputs 
or outputs via a metal mask option. A complete description 
of the 1/O option capabilities are given below. The 4308 has 
an input storage buffer for utilization with those I/O pins 
designated as inputs. A common strobe line (CLR/LD line) 
allows the loading of data from the !/O lines. The same CLR/ 
LD strobe line can also serve as a clear to the I/O output port 
buffers when designated. This CLR/LD line is common to all 
ports on a 4308 and when toggled, will effect those 1/O lines 
connected by the metal mask option. For an input line, if the 
CLR/LD strobe line is left unconnected, of if it is pulled to 
(Vpp), then the output fo the buffer will follow the input. 


NOTE: Since the 4308 is compatible with all components of 
the MCS-40 | system, 4308 and 4001 can be mixed on one 
memory bank as long as the chip select addresses are mutually 
exclusive. 


The following table shows the chip number relationship 
between 4308 and 4001. 


4308 4001 
Page No. Chip No. Page No. Chip No. 
0-3 (0) 0-15 0-15 
4-7 (1) 
8-11 (2) 
12-15 (3) 


4308 


INSTRUCTION EXECUTION 


The 4308 responds to the following instructions. 


1. SRC Instruction (Send address to ROM and RAM) 


When the CPU executes an SRC instruction it will send 
out 8 bits of data during Xz and X3 and will activate 
the CM-ROM and one CM-RAM line at Xz. Data at Xo 
(representing the contents of the first register of the reg- 
ister pair addressed by the SRC instruction), with simul- 
taneous presence of CM-ROM, is interpreted by the 4308 
as the chip number of the unit that should later perform 
an I/O operation. Data at X3 is ignored. After an SRC 
only one CM-ROM and CM-RAM device will be selected. 


WRR — Write ROM Port 


The content of the accumulator is transferred to the 
ROM output port of the previously selected ROM chip. 
The data is available on the output pins until a new 
WRR is executed to the same port. The ACC content 
and carry/link are unaffected. The LSB bit of the 
accumulator appears on I/Qg.) No operation is per- 
formed on I/O lines coded as inputs. 


RDR — Read ROM Port 


The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. 


If the 1/O option has both inputs and outputs within the 
same 4 I/O lines, the user can choose to have either “0” 
or ‘'1" transferred to the accumulator for those !/O pins 
coded as outputs, when an RDR instruction is executed. 
For example, given a port with the 1/O lines coded with 
2 inputs and 2 outputs, when RDR is executed the trans- 
fer is as shown below: 


(ACC) 
(1 or 0) (1 or O) 


I3 O2 O; lo 
1 X X 0 —pse 1 


f 


Input Data 


0 


User can choose 
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Timing Considerations 


At the beginning of each instruction sequence, a SYNC 
pulse is generated externally to synchronize the processor 
with the various components of the system. This pulse, along 
with the clock inputs ¢; and ¢9, is used in the 4308 as an in- 
put to a timing register. 


During time Az, Ag, and A3, the address is sequentially 
accepted from the data bus and decoded. During time A3, 
the CM-ROM line will be active, and if the 2 highest order 
bits of the address sent at A3 match the metal pre- 
programmed chip select option, the ROM will respond to the 
current address. 


At time My and Mo, the instruction OPR, OPA will be 
placed on the data bus for the processor. 


After the SRC or Send Register Control instruction, which 


is used to designate a set of 4 I/O lines (1 port) on a particular 
ROM which are to be used for subsequent ROM I/O opera- 


tions, is executed by the processor, the processor sends a 4 
bit code to the ROM during Xz, and CM-ROM goes to a ‘‘1” 
(Vpp). The first two bits (D3, Dz) of this code select a group 
of 1 out of 4 possible 4308, and the last two bits select a 
particular port (1 of 4 ports). This port remains selected un- 
til the next SRC instruction is executed. 

In both the RDR and WRR operations, the CM-ROM line 
will become active during time My, and if the ROM has a pre- 
viously selected I/O port, it will respond to the I/O in two 
ways. For a WRR accumulator, data will be transferred to an 
internal ROM selected output port flip-flops during Xz. Data 
will be available on the I/O line from time X3 ° ¢2. The data 
will remain on the bus until anew WRR occurs, a reset occurs, 
or a clear (CLR/LD line) is generated. The RDR instruction 
will transfer information from the input port flip-flops of a 
previously selected port. Prior to RDR instruction, the user 
should insure that the input flip-flops have been loaded via 
the CLR/LD strobe if the load strobe is specified. If the load 
strobe is not specified, information on the input lines will be 
loaded into the accumulator at the time of the RDR. 


1/O OPTIONS 
The 4308 offers the following options on its I/O pins: 
1. Input or output. 
2. inverted or direct (for input and output). 
3. On-chip resistor connected to either Vsg or Vpp for 
input pins. 
4. Loading of input buffers via the CLR/LD signal. 


5. Clear signal for any or all output ports via the CLR/LD 
signal. 


Referring to the block diagram of the single 1/O pin shown 
below which illustrates the various options available on a 
4308, it should be noted that certain pin combinations are 
mutually exclusive and should not be specified together. 
There are also certain invalid combinations. The following 
combinations should be avoided: 


8,9 
5,6 
3,4 


10,11 — Both on a single pin and within a single 4308. 


Examples of some common desired option/connections are: 
a. 1//O pin inputs * 
non-inverting 
inverting 


11, 2, 5,7, 9(TTL) — 2, 5, 7,8 
11, 2,6, 7,9 (TTL) — 2, 6, 7, 8 


ROM 
PATTERN muy 


CLR/tD 


Figure 1. 4308 I/O Pin Options. 


4308 


b. //O pin outputs 
3, 1 (10 optional) 
4,1 (10 optional) 


non-inverting 
inverting 


Other combinations exist and should be used with caution. 


*Option 11 need not be specified if an unbuffered input is 
desired. This is equivalent to a 4007 input. 


NOTE: The 4308 has the following enhancements over the 
4001 as far as 1/O options are concerned: 


1. The capability of clearing any or all outputs with the 
CLR/LD signal. 


2. TTL compatibility of both the inverting and non- 
inverting input paths for input ports. 


3. The capability to select the LD option and have the in- 
put buffer become an input flip-flop and to have the 
CLR/LD signal become a clock for loading data. 


For TTL compatibility on the I/O lines, the supply voltage 
should be Vpp = -10V 45%, Vsg = +5V +5%. External pull- 
up is required for outputs. 


OUTPUT : 
F/F = 


O 
RESET a 


4308 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias 
Storage Temperature 
Input Voltages and Supply Voltage 

with respect to Vss 
Power Dissipation 


eooeeevrseoeeee eee eee eee evens 


+0.5V to -20V 
1.0 Watt 


eooeee erences eee eee eee eee eee eee ewe see ee oe 


D.C. and Operating Characteristics 


“COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


Ta = 0°C to 70°C; Vsg -Vpp = 15V +5%; typw = tgo1 = 400 nsec; tgp2 = 150 nsec; Logic “0” is defined as the more positive 
voltage (Vi, Von); Logic '’1” is defined as the more negative voltage (Vi, Vo1_); Unless Otherwise Specified. 


SUPPLY CURRENT 


Parameter 


Average Supply Current 
INPUT CHARACTERISTICS — ALL INPUTS EXCEPT I/O PINS 


Test Conditions 


OUTPUT CHARACTERISTICS — ALL OUTPUTS EXCEPT 1/O PINS 
Row Output Resistance, Data Line ‘0’ Level Vout = Vss -.5V 
I/O INPUT CHARACTERISTICS 
Vin = Vss -3V 
Vin = Vgs -3V 
1/O OUTPUT CHARACTERISTICS 
Row 1/O Output ‘0’ Resistance Vout = Vss -.5V 
lot 1/O Output “1” Sink Current Vout = Vss -.-5V 
lov[2]_ | 1/0 Output “1” Sink Current Vout = Vsg -4.85V 
Icr 1/O Output ‘'1’’ Clamp Current PS i Vout= Vss -6V; 
Ta = 70°C 


Notes: 1. Ry is large signal equivalent resistance to (Vgs -12) V. 
2. For TTL compatability, use 12kQ external resistor to Vop. 
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4308 


D.C. and Operating Characteristics 
CAPACITANCE 


Limit 


on Clock Capacitance 14 20 Vin = Vss 


input Capacitance ee 
a a 


Cin 
Court Output Capacitance Vin = Vss 


4308 OUTPUT PINS (’'1” LEVEL) 


4308 SUPPLY CURRENT VS. TEMPERATURE 


lop (mA) 


7% 6c) 


lon (mA) 
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4308 


A.C. Characteristics 


Ta = 0°C to 70°C, Vsg -Vpp = 15V +5% 

Limit 
n yp 
1.35 


= 


| 
oo; & NO) 
518 © | x 


Ss 


Symbol Parameter a Test Conditions 
tcy Clock Period 

tor Clock Rise Time 

tor Clock Fall Time 
tdpw Clock Width 

top1 Clock Delay ¢, to ¢2 
thp2 Clock Delay ¢2 to ¢, 
tw Data-In, CM, SYNC Write Time 350 100 
tyf13] Data-In, CM, SYNC Hold Time 


tosl2]___| Set Time (Reference) 


usec 


380 
40 


=) 


> 
Oo 
N 
Oo 


tacc Data-Out Access Time Court = 
Data Lines 930 ns 500pF Data Lines!4] 
SYNC 930 ns 5OOpF SYNC 
CM-ROM 930 ns 160pF CM-ROM 
CM-RAM 930 ns 5OpF CM-RAM 

tou Data-Out Hold Time 50 150 ns Cout = 20pF 


on 
(=) 
=) 
7 


tis 1/O Input Set-Time 
tiy I/O Input Hold-Time 
tpw io | C/L Pulse-Width 1000 400 
twc/- | C/L Write Time 35 200 
tH c/L | C/L Hold Time 

tp \/O Output Delay 

tc [5] 1/O Output Delay on C/L 

tw o2r!6!] Data In Write Time with Respect to ¢7 


oO 


5S 


=) 


(7) nm 


) 
wn 


S Cout = 100pF 


750 150 Court = 100pF 


t 
Ww 
Oo 

| 
fe) 
j=) 


Notes: 1. ty measured with tgR = 10nsec. 

2. TACC is Data Bus, SYNC and CM-line output access time referred to the $9 trailing edge which clocks these lines out. tos is 
the same output access time referred to the leading edge of the next $2 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at Mg and X29 always enter a float state 
until the 4004/4040 takes over the data bus at X1 and X3 time. Therefore the ty requirement is always insured since each 
component contributes 10uA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1V/us. 

4. tacc, 4308 is guaranteed with typ = 200 nsec. 

5. C/L Clears output buffer when low. C/L enters data into input buffer when low. C/L rising edge latches input buffer. Port 
Option 10 and 11 are mutually exclusive on any 4308. 

6. Data Bus Inputs are guaranteed valid before $2 falling edge by 4004, 4040 tacc. If tpwo2 is widened, then tcy is increased 
and Data Bus Inputs remain valid before $9 falling edge. Thus, tWo2F is not a system constraint. 
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X3 A, Az A3 M, M, x, Xo X3 

OPA (4004) IF 1OR 

AC (4040) PORT/RAM 
DATA BUS cpu cPu CPU ROM ROM CPU ELSE CPU CPU 

ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED ENABLED 
4 
“10% 10% 
2 
90% 90% 
SYNCH | 
IF NOT SECOND CYCLE OF 2 CYCLE INSTRUCTION (4040 ONLY) 

CM-RAM, ROM iH IF 1/0 l iesre ! 


t 
tw c/L H C/L ts as << 


i ATs) 
ad _ cee 
to >| tb ay 
1/0 OUTPUT IF NON-INVERTING a (| 


| 
C/L | 


ee — tow cit 
| 


Figure 2. Timing Diagram. 


tép2 ——> thy 


oy 
10% 
oo f] 90% 
rece eee 
— Vv 
DATA BUS, CM TRUE 5: ANY - 
A 


(INPUTS) tos _5V 
(REFERENCE) 
DATA BUS, CM v -1V 
joorursy | | Tae | 
-5V 
tacc ton 


DATA BUS INPUTS ANY q TRUE 


two2F 


Figure 3. Timing Detail. 
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Programming Instruction 


To insure optimum handling of ROM programs and avoid 
delays, programs should be specified in the following format. 


Paper Tape Format* 


A 1" wide paper tape using 8 bit ASCII code, such as a 
model 33ASR teletype produces: 


A. Preamble 


1. 


Preceding the first word field and following the 
last word field, there should be a leader/trailer 
length of at least 25 characters. This should con- 
sist of rubout punches. 


Included in the tape before the leader, and pre- 
ceded by another leader, should be the cus- 
tomer’s complete telex or twx number and if 
more than one pattern is being transmitted, the 
ROM pattern number. 


The first ROM pattern preamble field is the 
device type number or ROM number. The field 
should be framed by an “I” and “’—”’ 


14308 — 
This should be followed by the chip select infor- 


mation encoded in decimal (two digits), and 
enclosed by “C” and “S”, as in 


“ChhS”’ 
The valid select digits for the 4308 are O—3 
“COS” = “C3S” 


Finally, the 1/O options would be specified ona 
port-by-port basis with the connections to be 
made separated by commas, and enclosed in 
parentheses: 


“(n1,n2,n3...)". 


where (n1, n2. . .) are the option numbers asso- 
ciated with one I/O line. Hence, for the 4308 
there will be sixteen bracketed collections of I/O 
options. 


Each I/O pin has a series of 11 possible connec- 
tions. These connections are consecutively num- 
bered from 1-11. It is these numbers that should 
be in parentheses for each 1/O pin. 


Example: “( )” indicates no connection 
“(1)” indicates only #1 
“"(2,5,7)" indicates connections 
#2, 5and 7. 


1/O options should be placed on the tape sequen- 
tially for the 4308, from 1/009 — 1/033(16). 
Always avoid illegal combinations. 


*NOTE: Cards may also be submitted. 
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B. ROM Code 


The format requirements are as follows: 


l 


Start Character 


Word Field 0 


All word fields are to be punched in consecutive 
order, starting with word field O (all addresses 
low). There must be exactly N word fields for 
the N x 8 ROM organization. 


Each word field must begin with the start charac- 
ter B and end with the stop character F. There 
must be exactly 8 data characters between the B 
and F. Within the word field, a P results in a high 
level output (Vssg or logic 0 for MCS-40 CPUs) 
and a Nresults in alow level output (Vpp or logic 
1 for MCS-40 CPUs). 


Example of 256 x 8 format (N=256): 


| Stop Character =] Data Field MSB LSB 
BPPPNNNNNFBNNNNNNPPF...BNPNPPPNNF 
Word Field 1 Word Field 255 
Between word fields, comments not containing 


3. 


B’s or F’s may be inserted. Carriage return and 
line feed characters should be inserted (as a 
“comment’’) just before each word field (or at 
least between every four word fields). When 
these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes 
of error checking. It may be helpful to insert the 
word number (as a comment) at least every. four 
word fields. 


Within the ROM pattern words a character, 
“X'"" may be used. Where ‘‘P” and “‘N”’ indicate a 
“0” and ‘1’ setting respectively, an ‘’X”’ will in- 
dicate a single bit — ‘Don't Care” setting. This 
allows the optimum default bit values to be se- 
lected by Intel. The bit value will be fixed to allow 
for testing. The values will be specified to the 
user on the Verification Listing tape. 


In the place of a standard BPNF word, a ‘“B* nF” 
word may be used. This indicates that the data in 
the last BPNF word encountered is to be 
repeated for the next n words (1 Sn < 1023). 
Note that if a repeat count of 4 is given in word 
position 10, then words 10, 11, 12, and 13 will 
be repeats of word 9 (except for Don't Care bits 
which might conceivably have different assigned 
values). 


To indicate that an entire block (such as the 
remainder of a ROM) is not used (i.e., Don’t 
Care), a word of Don’t Care data can be followed 
by the remaining word count in a repeat count 
form. 


Hitel CUSTOM ROM ROM 
ORDER FORM 


CUSTOMER 


P.O. NUMBER 


DATE 


For Intel use only 


PPPP 
Zz 
DD 


All custom 4308 ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 


MARKING INTEL PATTERN NUMBER 


The marking as shown at the right must contain the Intel logo, 
the product type (P4308), the 4-digit Intel pattern number 
(PPPP), a date code (XXXX), and the 2-digit chip number 
(DD). An optional customer identification number may be 
substituted for the chip number (ZZ). Optional Customer CHIP NUMBER OR 

Number (maximum 6 characters or spaces). DATE CODE CUSTOMER NUMBER 


CUSTOMER NUMBER 


MASK OPTION SPECIFICATION or punched paper tape. In either case, a printout of the truth 


A. CHIP NUMBER (Must be specified). table must accompany the order. Based on the particular cus- 
tomer pattern, the characters should be written as a ‘’P” fora 


B. /0 OPTION — Specify the connection numbers for each high level output = Vgg (negative logic “0”) or an “N” for 
I/O pin. See table below. a low level output = Vpp (negative logic ‘’1”’). 

C. 4308 CUSTOM ROM PATTERN — Programming informa- 

tion should be sent in the form of computer punched cards Note that: NOP = BPPPP PPPPF = 0000 0000 


eee 
| 1/0 09 
[70 01 | 
| 0 02 
70 Io 
1/0 12 
7 [12] 3Ta[s] et 7p ele pope 
0 23 | 


1/0 33 


a 
oe 


N 
fo?) 
NS 
ie 


27 
25 


OUTPUT 
L/F 
RESET Q 


RN 
+ 
sf 


213 
2] 3) 


2 


NO 

oO NO] & 
RSSss 
oo 

S 

—_b 

Oo 


N 
_ 


5] 6{7| 8/9 | 10 | 11) 
1] 2] 3f4[s[ 6] 7] 8) 9] 10) 17) 


NOTE: Options 10 and 11 cannot both be specified. 


18 
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intel 
4316A 


16,384 BIT STATIC MOS READ ONLY MEMORY 


Organization: 2048 Words x 8 Bits 
Access Time: 850 ns Max. 


= Single +5 Volts Power Supply Voltage = Fully Decoded — On Chip Address 
= Directly TTL Compatible — All Inputs Decode 
and Outputs = Interface to 4004/4040 CPU Via 
ae OT : 4008/4009 or 4289 Standard Memory 
. ee Dissipation of 31.4 .W/Bit ratertace 
; =» Standard Operating Temperature 
] paecela Output — OR-Tie Range of 0° to 70°C 


= Also Available with -40° to 
+85°C Operating Range 


The Intel® 4316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
microcomputer memory applications where high performance, large bit storage, and simple interfacing are important design 
objectives. It can be used in MCS-40™ systems via the 4008/4009 or 4289 Standard Memory Interface components. 


The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined and the desired chip 
select code is fixed during the masking process. These three programmable chip select inputs, as well as OR-tie compatibility 
on the outputs, facilitate easy memory expansion. 

The 4316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all devices are directly TTL 
compatible. 


PIN CONFIGURATION BLOCK DIAGRAM 


105 0305 50; 105.50, <Oy0), 
. Vec 
<+—O GND 


OUTPUT BUFFERS CS. 
DECODE 


Y DECODER 1 OF 16x 8 


iz 


n 
a 
uw 
Ww 
Ww 
—) 
a 
=) 
a 
2 
n 
n 
Lu 
a 
Q 

a 16, 384 BIT 
xq 


CELL MATRIX 


oe Coa a a 
X DECODER 1'128 


PIN NAMES 


Ag: Aig | ADDRESS INPUTS 


0}: Og DATA OUTPUTS 
CS;.CS3 | PROGRAMMABLE CHIP SELECT INPUTS 
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4316A 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ........ 00°C to 70°C “COMMENT: Stresses above those listed under ‘Absolute Maximum 

Storage Temperature Daven ee chine te? ocak. -~65°C to +150°C Ratings” es feel sehen damage ee dete is a stress 

: : rating only and functional operation of the device at these or any 

Voltage On Any Pin With Respect other conditions above those indicated in the operationa! sections of 

VO GNOUNO. 5 Fp ei ae ere ater ie pe Rd -0.5V to+7V this specification is not implied. Exposure to absolute maximum rating 
Power Dissipation ............. 00000 ena 1.0 Watt conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 


Ta =0°C to+70°C, Vcc = 5V +5% unless otherwise specified 


LIMITS 
TYP.) | MAX. 


TEST CONDITIONS 


Vin = 0 to 5.25V 


CS =2.2V, Vout =4.0V 
CS =2.2V, Vout = 0.45V 


PARAMETER UNIT 


SYMBOL 
Input Load Current 


mm 
(All Input Pins) 


Output Leakage Current 
ILOL Output Leakage Current 


Power Supply Current 


UA 
UA 
LA 
mA 


| 
NO 
© 


4 


eo) 
© 


All inputs 5.25V Data Out Open 
lot =2.0mA 
lOH =-100 yA 


_— 
j=) 


Input ‘‘Low” Voltage 


Input ‘High’ Voltage 2.0 


EE 


Output ‘‘Low” Voltage 


Output “High” Voltage 2.2 


S 
on 
< 
?) 
orn®) 
ape eS 
oi} =| © 
(ee) 
< 
ses 


(1) Typical values for Ta = 25°C and nominal supply voltage. 


A.C. Characteristics 


Ta = 0°C to +70°C, Vcc = +5V +5% unless otherwise specified 


LIMITS 


SYMBOL PARAMETER 


Address to Output Delay Time id 


tco Chip Select to Output Enable Delay Time 


Chip Deselect to Output Data Float Delay Time 


CONDITIONS OF TEST FOR Capacitance® T, = 25°C, f = 1MHz 


A.C. CHARACTERISTICS 
Output Load ... 1 TTL Gate, and Cy gap = 100 pF 
; YMBOL 
Input Pulse Levels ............... 0.8 to 2.0V : REST 
Cin All Pins Except Pin Under 4 pF 10 pF 
Test Tied to AC Ground 
Court All Pins Except Pin Under 8 pF 
Test Tied to AC Ground 


Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
(2) This parameter is periodically sampled and is not 100% tested. 


Timing Measurement Reference Level 
PINDO Gg 5 ei deeded Ge a Risen de Ok Sein ad. Soe & 1.5V 
OUTDUL ons ond aoe ee ees 0.45V to 2.2V 
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4316A 


Waveforms 


raognanns AK 
: os 


4316A 


Typical D.C. Characteristics 


ACCESS TIME VS. AMBIENT 
TEMPERATURE 


Vin LIMITS VS. TEMPERATURE 


60 70 


1.8 
- 


ta (nS) 


Vin (VOLTS) 


OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


t 
TYPICAL 


lor (mA) 
IQH (mA} 


Voy (VOLTS) VOH (VOLTS) 
ACCESS TIME VS. LOAD STATIC icc VS. AMBIENT TEMPERATURE 
CAPACITANCE WORST CASE 
1000 


100 


800 


80 


lec (mA) 


60 


Vcc = 5.25V 


ALL ADDRESSES TIED 
TO Vcc 


CHIP DESELECTED 


CLoap (pfd) 


Ta (CC) 
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intel 
4702A 
REPROGRAMMABLE 2K PROM 


=» Access Time: 1.7 usec Max. a» Inputs and Outputs TTL 
s Fast Programming: 2 Minutes Compatible 
for all 2048 Bits =» Three-State Output: OR-Tie 
s Ultraviolet Erasable and Capability 
Electronically Reprogrammable s Standard Operating 
= Fully Decoded, 256 x 8 Temperature Range of 
Organization 0° to 70°C 


s e s s re) 
= Static MOS: No Clocks Required = Also Available with -40° to 
+85°C Operating Range 
The 4702A is a 256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system development where 


fast turn-around and pattern experimentation are important. The 4702A undergoes complete programming and functional 
testing on each bit position prior to shipment, thus insuring 100% programmability. 


The 4702A is packaged in a 24 pin dual-in-line package with a transparent quartz lid. The transparent quartz lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the device. This procedure 
can be repeated as many times as required. 


The circuitry of the 4702A is entirely static; no clocks are required. 


A pin-for pin metal mask programmed ROM, the Intel® 1302A, is ideal for large volume production runs of systems initially 
using the 4702A. 


The 4702A is fabricated with silicon gate technology. This low threshold technology allows the design and production of higher 
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 


PIN CONFIGURATION BLOCK DIAGRAM 
DATAQUT1 DATAOUT8 


OUTPUT 
BUFFERS 


2048 BIT 
PROGRAM —> PROM MATRIX 


(256 X 8) 


2 
ES 
Ww 
S 
a 
< 
8 
Bi 


*DATA ouT 2[ 5 20} ]Aa 
*DATA OUT 3[ 6 191 JAs 
*DATA OuT 4[ 97 18] |A6 


*DATA OUT 5[ ]8 177 JA, 


DECODER 


*DATA OUT 6! [9 164 |Voc 


*DATA OUT 7[{ 410 151 |Vep 
INPUT 


*DATA OUT 8] 11 (MSB) 14 |cs DRIVERS 


Vec [912 13] | PROGRAM 
Ao Ai Az 


*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING. 


PIN NAMES 
Ao-A7 ADDRESS INPUTS 
cS CHIP SELECT INPUT 
DO;- DO2 DATA OUTPUTS 
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4702A 


Pin Connections 


The external lead connections to the 4702A differ, depending on whether the device is being programmed’) or used in read 
mode. (See following table.) 


13 


(Program) 


Read 


Programming 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias 
Storage Temperature 


Soldering Temperature of Leads (10 sec) ........ +300°C 
Power Dissipation ...........0. 2002 ee eee 2 Watts 
Read Operation: Input Voltages and Supply 

Voltages with respect to Veg... ee +0.5V to —20V 
Program Operation: Input Voltages and Supply 

Voltages with respect to Veg... 2. ee ee ee —48V 


15 16 


Yec_| Vec Voc cc 
GND | Program Pulse | GND | Vag __ ‘| Pulsed Veg (Viz ap ) 


22 
(Vec ) 


*COMMENT 


Stresses above those listed under ‘‘Absolute Maximum Rat- 
ings’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 


READ OPERATION 
D.C. and Operating Characteristics 


Ty, = O°C to 70°C, Veco = +5V+5%, Vop =-10V45%, Veg =-10V+5%, unless otherwise noted. 


SYMBOL TEST MIN. TYPI2] MAX. | UNIT 

ly Address and Chip Select pA 
Input Load Current 

lo Output Leakage Current uA 

lop1 Power Supply Current 39 54 mA 

lnp2 Power Supply Current 36 50 mA 

lop3 Power Supply Current 43 63 

lor Output Clamp Current 8 14 mA 

loc Gate Supply Current 10 | pA 

Vins Input Low Voltage for —1.0 0.65 Vv 
TTL Interface 

Vit2 

Vin Address and Chip Select Vee 72 Veo +0.3 °° V 
Input High Voltage 

Vor Output Low Voltage 7 0.45 Voi 

Vou Output High Voltage 3:5 V 


CONDITIONS 


Vin 0.0V 


Vour 7 0.0V. CS = Veg =2 


CS=Veg -2 

lo, =0.0MA, Tp © 25°C 

CS-0.0 

lo, =0.0MA, Ta = 25°C 

aa Continuous 
Beers Pages Operation 

lot =0.0mMA , T, = O°C 

Wisge 7 WOM: Fa OPC 

Vout = —1.0V, Ty = 25°C 


Input Low Voltage for Vop Vec —6 V 
MOS Interface | | | 


Vout ~ 0.45V 
lot - 1.6mA 
lon —100 vA 


Note 1: In the programming mode, the data inputs 1—8 are pins 4—11 respectively. CS = GND. 


Note 2: Typical values are at nominal voltages and Ta = 25°C. 
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4702A 


A.C. Characteristics 
T, =OC to +70°C, Veg = +5V +5%,V,, =-10V+5%, Veg =-10V +5% unless otherwise noted 


SYMBOL TEST TYPICAL | MAXIMUM UNIT 
= ee 


ton Previous read data valid 100 ns 
tacc Address to output delay 1.7 Us 
tcs Chip select delay 800 ns 


tco Output delay from CS Le 900 ns 
top Output deselect ae 300 ns 


Capacitance” 1, = 25°c 


TEST TYPICAL | MAXIMUM | UNIT 


ee ae 


*This parameter is periodically sampled and is not 100% tested. 


SYMBOL CONDITIONS 


Vin=Vec, CS=Vec, | All unused pins 
Vout=Vec, are at A.C. 
Vec=Vcc ground 


Switching Characteristics 


Conditions of Test: 
Input pulse amplitudes: 0 to 4V; tr, te <50 ns. 
a) For output load = 1 TTL gate; measurements 
made at output of TTL gate (tpp <15 ns) 
b) For pure capacitive load of 75pf. 


ee Te 
| ! 


“a 10 
ADDRESS X, - »¢ 
90 
Vit i 


et ites ! 
| 


Vin ; re bon el 
cs | ' 
Vv | 
nS 
| 


ace DATA OUT 
INVALID 


DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 
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Typical Characteristics 


OUTPUT CURRENT VS. 
Vpp SUPPLY VOLTAGE 


Io, OUTPUT SINK CURRENT (mA) 


logy OUTPUT SOURCE CURRENT (mA) 


Ipp CURRENT VS. TEMPERATURE 


—10V 
-10V 

INPUTS = Vo¢ 

OUTPUTS ARE OPEN 


lpn CURRENT (mA) 
feet ee TT 
Rika aee eae 
ee 


AMBIENT TEMPERATURE (°C) 


ACCESS TIME VS. 
LOAD CAPACITANCE 


1TTL LOAD 
Veo = +5V 
Vop = -10V 
Veg = -10V 
T, = 25C 


ACCESS TIME (ns) 


0 
0 10 20 30 40 50 60 706 86 90 100 


LOAD CAPACITANCE (pF) 


40 60 80 100 120 


4702A 


OUTPUT CURRENT VS. 
TEMPERATURE 


lo, OUTPUT SINK CURRENT (mA) 


0 20 30 40 50 60 70 
AMBIENT TEMPERATURE (°C) 


" It it iT] 


lon OUTPUT SOURCE CURRENT (mA) 


OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 


OUTPUT VOLTAGE (VOLTS) 


ACCESS TIME VS. 
TEMPERATURE 


ACCESS TIME (ns) 


0 6 10 20 30 40 50 60 70 80 90 


AMBIENT TEMPERATURE ( C) 
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4702A 


PROGRAMMING OPERATION 


D.C. and Operating Characteristics for Programming Operation 
Ty = 25°C, Voc = OV, Veg =+12V + 10%, CS = OV unless otherwise noted 


SYMBOL TYP. MAX. UNIT CONDITIONS 


Leap Address and Data Input 10 mA Vin = —48V 

Load Current 

lL yop Program and Ve, 10 mA Vin = —48V 
Teoscuren’ | || 


lopp'!) | Peak I,,5 Supply 200 mA Vop = Vprog = —48V 
Load Current Voc = —35V 


Mae Input High Voltage eae a V 

Micae Pulsed Data Input —46 —48 V 
Low Voltage 

Vicor Address Input Low —40 —48 V 
Voltage 

Viv3e Pulsed Input Low V,, —46 —48 V 
and Program Voltage 

Vicwe Pulsed Input Low —35 —40 V 
Voc Voltage 


Note 1: Ippp flows only during Vop. VGG ontime. !ppp should not be allowed to exceed 300mA for greater than 100usec. Average power 
supply current !ppp is typically 40mA at 20% duty cycle. 


A.C. Characteristics for Programming Operation 
Tampient = 29°C, Vec = OV, Veg = + 12V + 10%, CS = OV unless otherwise noted 


SYMBOL MIN, | CONDITIONS 
Duty Cycle (Vpp , Veg ) 
topw Program Pulse Width = Vog = —35V, Vpp = 
Vorog = —48V 
tow Data Set Up Time 
toy Data Hold Time 10 
tyvw Vop , Veg Set Up 


typ Vop ; VGG Hold 10 

tacw '2) | Address Complement 25 
Set Up 

tacy '2) | Address Complement 25 
Hold 


taTw Address True Set Up 


Address True Hold 


taTH 


Note 2. All 8 address bits must be in the complement state when pulsed Vop and Vcc move to their negative levels. The addresses (0 through 
255) must be programmed as shown in the timing diagram for a minimum of 32 times. 
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Switching Characteristics for Programming Operation 
PROGRAM OPERATION 


Conditions of Test: 
Input pulse rise and fall times < 1ysec 
CS = OV 


PROGRAM WAVEFORMS 


3INARY COMPLEMEN™ 
ADDRESS OF WORD 
TO BE PROGRAMMED 


BINARY ADDRESS 
OF WORD TO BE 
PROGRAMMED 


ADDRESS 


—40 to —48 


0 


PULSED Vpp 
POWER SUPPLY 


—46 to —48 


0 


PULSED Vgg 
POWER SUPPLY 
~35 to —40 


0 


PROGRAMMING 


PULSE 
46 to —48 
=tow> ~ tou~* 
0 : 

DATA INPUT Yj Yy 
(DEVICE DATA CANYY DATA STABLE DATA CAN Yy 
OUTPUT CHANGE Y TIME CHANGE Yy 

LINES) YY Yy 
46 to —48 Li 


Programming Operation 


ADDRESS 
Ag Az Az2 


Then the Data Output 
during the Read Mode is: 


When the Data Input for 
the Program Mode is: 


ViLiP = ~—48V pulsed | Logic 1 = VOH = ‘P’ on tape 


Vinp =~ OV Logic 0 = Vo, =‘N’ on tape 


Address Logic Level During Read Mode: Logic 0 = Viz (~.3V) Logic 1 = Vjpq ( ~ 3V) 
Address Logic Level During Program Mode : Logic 0 = Vitgp(~-—40V) Logic 1 = Viyp (~ OV) 
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MCS-40™ Program Memory In 4702A PROMs 


Memory address, memory data, !/O bus, and chip select lines from 4289 or a 4008/4009 are defined with respect to positive 
logic. The MCS-40™ data and control lines from the CPU are defined with respect to negative logic. As a result, in 4702A 
program memory used with the 4289 or 4009, programs should be coded with logic “1” = high level and logic “0” = low level (i.e., 
NOP = 0000 0000 = NNNN NNNN). 


For 4702A PROM programs which are to be converted to 4001 or 4308 ROM memory, a preferred method is to use negative logic 
program memory in the 4702A and place inverting buffers at the data inputs of the 4289 or 4008/4009. This allows program code 
to be consistent with that of the 4001 and 4308 mask programmed ROMs and assures that 4289 or 4008/4009 input capacitance 
will not limit system speed when using several 4702A PROMs for program storage. (Note that programs are defined for the 
4001/4308 ROMs in terms of negative logic such that NOP = 0000 0000 = PPPP PPPP.) 


Programming Operation 


1. Operation of the 4702A in 
Program Mode 

Initially, all 2048 bits of the ROM are in 
the “0” state (output low). Information 
is introduced by selectively program- 
ming ‘‘1’’s (output high) in the propér 
bit locations. 


il. Programming of the 4702A Using 
Intel Microcomputers 


Intel provides low cost program devel- 
opment systems which may be used to 
program its electrically programmable 
ROMs. Note that the programming 
specifications that apply to the 4702A 
are identical to those for Intel’s 1702A. 


lil. 4702A Erasing Procedure 


The 4702A may be erased by exposure 
to high intensity short-wave ultraviolet 
light. See the EPROM programming 
section, page 3-55, for details. 


Word address selection is done by the 
same decoding circuitry used in the 
READ mode (see table on page 6 for 
logic levels). All 8 address bits must be 
in the binary complement state when 
pulsed Voy and Veg move to their nega- 
tive levels. The addresses must be held 
in their binary complement state for a 
minimum of 25 «sec after Voy and Veg 
have moved to their negative levels. 
The addresses myst then make the 
transition to their true state a minimum 
of 10 usec before the program pulse 

is applied. The addresses should be 
programmed in the sequence 0 through 
255 for a minimum of 32 times. The 
eight output terminals are used as data 
inputs to determine the information 
pattern in the eight bits of each word. 
A low data input level (— 48V) will pro- 
gram a‘‘1” and a high data input level 
(ground) will leave a ‘‘0’”’ (see table on 
page 6). All eight bits of one word are 
programmed simultaneously by setting 
the desired bit information patterns on 
the data input terminals. 


During the programming, Vec, Vop and 
the Program Pulse are pulsed signals. 


A. 


Intellec® 4 


The Intellec® 4 program development 
system is used as a program develop- 
ment tool for the 4004 and 4040 micro- 
processors. As such, it is equipped 
with a PROM programmer card and 
may be used to program Intel’s elec- 
trically programmable and ultraviolet 
erasable ROMs. 


An ASR-33 teletype terminal is used 
as the input device. Through use of 
the Intellec software system monitor, 
programs to be loaded into PROM 
may be typed in directly or loaded 
through the paper tape reader. The 
system monitor allows the program 
to be reviewed or altered at will 
prior to actually programming the 
PROM. For more complete informa- 
tion on this program development 
system, refer to the Intel Micro- 
computer Catalog or the Intellec 
Specifications. 


. Intellec® MDS 


An Intellec® MDS system can also be 
used with a Universal PROM Program- 
mer (UPP) to program 4702A PROMs. 
The 1702A/4702A personality card 

must be plugged into the appropriate 
PROM programmer card socket of the 
UPP for this programming operation. 
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4801 
CLOCK GENERATOR CRYSTAL 


FUNDAMENTAL — TYPE 5.185 MHz 
FOR 4004/4201A or 4040/4201A CPU SET 


w “AT” Cut Fundamental Frequency m= Used With 4201A in MCS-40™ System 


= Room Temperature Frequency Adjusted = Temperature Range -55°C to 125°C 
Within +.005% 


The 4801 is a quartz crystal resonator to be used with a 4201A inan MCS-40 microcomputer system. The selection of 5.185 
MHz gives a 1.35us clock period (740 KHz) for a 4004 or 4040 at the ¢; and ¢2 outputs. 


ELECTRICAL CHARACTERISTICS PACKAGING INFORMATION 
Recommended Drive Level ..............4- 10mW 
TYG@ Of ReSOnANCe. i066 wae ee Siew dh ee Serial 
Appr. Equivalent Series Resistance.......... 35 ohms 7 400—=| 
Maximum Shunt Capacity. ...............--- 7pF 
Maximum Frequency Deviation 
0 em 70 C SiR aan es +.005% 14801 
#655 6.410..125°C) cssactug aunts + 02% 
in 
|. 192->| 
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4801 


CLOCK GENERATOR IMPLEMENTATION 


O 4 


O 2 


FROM 4040 
STOP ACK 


V 
cc 
WOK 


4040 
STOP 
INPUT 


HALT 
O 


stop RUN 
© 
RESET 


C1 = C2 = 1npF CERAMIC 


C3 = C4 = 15pF — 20pF 


DESIGN CONSIDERATIONS 


CRYSTALS 

Either +7 or +8 Modes may be used. Mode equals Vcc for 
+7, Mode equals Vpp for +8. The clock frequency range 
should be between 500 kHz (4 MHz XTAL, +8 MODE) and 
740 kHz (5.185 MHz XTAL, +7 MODE). 


X1 AND X2 INPUT CAPACITANCE 
The XTAL terminals, X1 and X2, should be tied to 15 pF - 
20 pF capacitors C3 and C4 to AC system GND. 


POWER SUPPLY VOLTAGE CONSIDERATIONS 

1. Operation is guaranteed with Vcc-Vpp = 15V + 5%. 
During system power-up or during power supply 
glitching, the maximum magnitude of (Vcc-Vpp) must 
be limited to 17 volts. 


During the power supply rise time (that is, when 
| Vec-Vop | <14.25 volts), improper $1, and ¢2 output 
may occur until | Vcc-Vpp| reaches the 14.25 minimum 
voltage. 


. With Vec = +5V, Vop =-10V, bypass capacitor C1 of 1 uF 
and C2 of 1 uF from Vcc to GND and Vpp to GND, re- 
spectively, should provide excellent bypassing. Bypass ca- 
pacitors should be ceramic or equivalent quality to insure 
low inductance and low series resistance. 


. The purpose of the current limiting register Rpp is both 
to limit $1, and $9 rise times and to drop Vpp at the 
4201A Vpp pin. Values for Rpp as a function of 
$1, $2 load capacitance are: 

For CLoap <50 pF; use Rpp = 10022. 

For 50 pF <Ci oap <100 pF; use Rpp = 6892. 
For 100 pF <Cy gap <300 pF; use Rpp = 2722. 
For Cpoap 7300 pF; use Rpp = 1022. 
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All 4201A functions requiring the Vpp voltage should 
use the pin Vpp or node on the 4201A side of resistor 
Rpp. Operation with the voltage drop across Rpp is 
guaranteed by Intel testing. 


. Single-Supply System (+15 V or -15) 


Recommended 4201A circuit modifications for single 
supply systems are: 


1. The 1 uF ceramic capacitor C1 should be between 
4201A Vpp and Vcc pins. 


. Other capacitors shown as being grounded should be 
connected to Vcc. 


. Reset Rr is connectea to Vcc. Reset Cr is connected 
to Vpp pin. 


. The current limiting resistor Rpp is still needed in the 
Vop line. 


. Power Supply Rise Times 


Intel testing is for power supply rise times between 5 ms 
and 300 ms. For power supply rise times less than 5 ms, a 
200K22 resistor from X1 to GND and C3 = C4 = 5 oF is 
recommended. 


RESET NETWORK 
The Reset input has Vy = Vcc-t1 volts and Vin = Vcc 
-6.5 volts, with about 1 volt of hysteresis (Schmitt circuit). 


Node (A) must be tied to GND or Vcc = +5 V; and Rr» and 
Cr selected, such that the negative Vpp transition moves 
the Reset input below Vj, . 


Tying node (A) to GND and making Cr very large, i.e. 
>1yF, will allow the greatest freedom in Vcc and Vpp rise 
times during turn-on. Tying node (A) to GND will also 
cause Reset after a Vpp glitch to GND. 


The purpose of Rg at 5102 or 1KQ is to limit Reset input 
fall time on manual Reset, so that the Reset input does not 
fall below Vpp. 


TTL CLOCK OUTPUTS 


If 7 and Pot are used, GND pin should be tied to logic 
ground. 57 levels will swing between Vec and GND. 


UNUSED FUNCTIONS 

If any of the 4201A functions listed below are not used, for 
power conservation it is recommended that the pins be 
connected as described below: 


1. 41, O27 
Tie GND pin, $47, dot to Vcc. 

2. Single step 
Tie NO to Vcc. 
Tie NC to Node (B) (Vpp pin). 
Tie STOP ACK to Vcc. 
STOP left open. 

3. Reset 

Tie RESET IN, RESET OUT to Vee. 


8748 ONE CHIP MICROCOMPUTER 


-* 


+ 


aa 
& 


A ee Be SR a eM 
SRS 
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MCS-48™ MICROCOMPUTER 


TABLE OF CONTENTS 


8048/8748/8035 8-Bit Microcomputer . 2... g-4 
8243 MCS-48™ Input/Output Expander. 2... 9-9 
Expansion:of the MGS-48 "System: «4-6-6 se & ew a ewe ee OO Oe SO BA em 9-14 


INTRODUCTION 


The MCS-48™ Microcomputer family is the first family of true single-chip microcomputers. The 8048 
contains the following functions in a 40-pin package: 


8-bit CPU 

1K x 8 ROM Program Memory 
64 x 8 RAM Data Memory 

27 t/O Lines 

8-bit Timer/Event Counter 
8-level Stack 

Single Level Interrupt 


A repertoire of over 90 instructions requiring only one or two clock cycles make the 8048 single chip 
microcomputer equal in performance to many multichip microprocessors. Only a single 5V power 
supply is required for operation. 


For prototype or low volume applications, the pin and functionally interchangeable 8748 provides 
user programmable and erasable EPROM Memory in place of the 8048 mask programmable ROM. 


The 8035 is an 8048 without internal progam memory which allows the user to match his program 
memory requirements exactly by using a wide variety of external memories. 


To allow the MCS-48 to solve a wide range of problems and to provide for future expansion, all 8048 
functions have been made externally expandable using either special expanders or standard 
memories and peripherals. An efficient low cost means of I/O expansion is provided by the 8243 I/O 
Expander which provides 16 I/O lines in a 24-pin package. For systems with large I/O requirements 
multiple 8243’s can be used. 


For such applications as Keyboards, Displays, Serial communication lines, etc., standard 8000 Series 
peripheral circuits may be added. Program and data memory may be expanded using standard 
memories or the 8355 and 8155 memories that also include programmable I/O lines and timing 
functions. 


The 8048 ts an efficient control processor as well as an arithmetic processor. The instruction set allows 
the user to directly set and reset individual lines within its |/O ports as well as test individual bits within 
the accumulator. A large variety of branch and table look-up instructions make the 8048 efficient in 
implementing standard logic functions. Special attention was also given to code efficiency, over 70% 
of the instructions being single byte and all others being only two bytes. Because of this efficiency, 
many applications requiring 1.5K to 2.0K bytes of program storage in other processors may be 
compressed into the 1K words resident in the 8048. 
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Ml 


PORT 2 
BUS BUFFER 


RESIDENT 
PORT 2 LATCH EPROM/ROM 
(LOW 4) AND | PORT 2 LATCH 8 HIGH PROGRAM Kxs 


EXPANDER 
PORT 1/O 


ACCUMULATOR 
(8) 
ACCUMULATOR 
LATCH 


Vpp 
ee PROGRAM SUPPLY 


(HIGH 4) COUNTER (8748, 8048 ONLY) 


(4) 


DECODE 


LOWER 
PROGRAM 


(8) COUNTER (8) 


TIMER/EVENT 
COUNTER 


TEMP REG (8) 


INSTRUCTION 
REGISTER 
AND DECODER 


ARITHMETIC 
LOGIC 
UNIT 


DECIMAL 
ADJUST 
CONDITIONAL 
BRANCH 


LOGIC 


v 
Layla —£_» +5v (LOW POWER STANDBY) 


CONTROL AND TIMING 


INT RESET PROG EA XTAL1 XTAL2 ALE PSEN 
ee ie 
INITIALIZE 
INTERRUPT PROM/ CPU/ OSCILLATOR ADDRESS PROGRAM SINGLE READ WRITE 
EXPANDER MEMORY XTAL LATCH MEMORY STEP STROBES 
STROBE SEPARATE STROBE ENABLE 
CYCLE 
CLOCK 


8048/8748/8035 BLOCK DIAGRAM 
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EXPANSION TO 
MORE 1/O AND 
MEMORY 


PORT 0 
BUS BUFFER 


PORT 0 LATCH 
AND LOW 


PC TEMP REG 


PROGRAM 


STATUS 
WORD 


RAM ADDRESS 
REGISTER 


TESTO 


TEST 1 


(NT 


DECODE 


FLAG O 


FLAG 1 


TIMER FLAG 


CARRY 


ACC 


ACC BIT TEST 


REGISTER _ 0 
REGISTER 1 
REGISTER 2 


REGISTER 


8 LEVEL STACK 
(VARIABLE LENGTH) 


OPTIONAL SECOND 
REGISTER BANK 


DATA STORE 


RESIDENT 
RAM ARRAY 
64x8 
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8048/8748/8035 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


*8048 Mask Programmable ROM 
*8748 User Programmable/Erasable EPROM 
*8035 External ROM or EPROM 


= 8-Bit CPU, ROM, RAM, I/O in m= 1K x 8 ROM/EPROM 
Single Package 64 x 8 RAM 

@ Interchangeable ROM and EPROM 27 1/0 Lines 
Versions @ Interval Timer/Event Counter 

@ Single 5V Supply = Easily Expandable Memory and I/O 

m@ 2.5 ~sec and 5.0 psec Cycle Versions = Compatible with 8000 Series Peripherais 
All Instructions 1 or 2 Cycles. @ Single Level Interrupt 


@ Over 90 Instructions: 70% Single Byte 


The Intel® 8048/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on asingle silicon chip using Intel’s 
N-channel silicon gate MOS process. 


The 8048 contains a 1K x 8program memory, a 64 x 8 RAM data memory, 27 I/O lines,and an 8-bit timer/counter in addition 
to on board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded using 
standard memories and 8000 series peripherals. The 8035 is the equivalent of an 8048 without program memory. 


To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM program 
memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program memory for 
low-cost high volume production, and the 8035 without program memory for use with external program memories. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


af 


RESET —— 


1024 WORDS 
PROGRAM 
MEMORY 


64 WORDS 


SINGLE 


STEP READ 


EXTERNAL 
MEM. 


TEST 
— 


INTERRUPT ——> 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 


ENABLE TIMER/ 


EVENT COUNTER 


27 
1/O LINES 


BUS 


EXPANDER 
STROBE 
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8048/8748/8035 


th 2 
*'S ng : 
‘af 
ABSOLUTE MAXIMUM RATINGS* a a R 
Geet 1 "ation $ 
: ; C 
Ambient Temperature Under Bias ........... 0°C to 70°C “COMMENT: hange ome 
Storage Temperature ................... -65°C to +150°C Stresses above those listed under “Absolute Maximum Ratings” 
. : may cause permanent damage to the device. This is a stress rating 
Voltage On Any Pin With Respect only and functional operation of the device at these or any other 
to Ground Toni laa Ae a Si eS -0.5V to +7V conditions above those indicated in the operational sections of this 
Power Dissipation ........................-.--.. 1.5 Watt specification is not implied. 


D.C. AND OPERATING CHARACTERISTICS Ta = 0°C to 70°C, Vec = Vpp = +5V 5%, Vg = OV 
Limits 
Typ. 


BG 


Symbol Parameter Test Conditions 


V; L Input Low Voltage 


(All Except XTAL1, XTAL2) -— 
Vin Input High Voltage Vv Vy 
(All Except XTAL1,XTAL2, RESET) ee 
Vind Input High Voltage (R ESET,XTAL1} 30 | Vec 
VoL. Output Low Voltage _ 
(BUS, RD, WR, PSEN, ALE) : ono 
Vou Output Low Voltage " 
(All Other Outputs Except PROG) . lo = 1.6mA 
Von Output High Voltage - 
(BUS, RD, WR, PSEN, ALE) a . lon = 100HA 
Output High Voltage ss 


lie Input Leakage Current 
(T1, EA, INT) 


lon Output Leakage Current (Bus, TO) 
(High Impedance State) 


= 


‘= 


VssSVinSVcc 


< 
Oo 
x 
N 
a 


I+ 
w ~ 


Vcc 2Vin# Vsg +.45 


Vpp Supply Current 


oz 
7] 


lec Vcc Supply Current 


A.C. CHARACTERISTICS 1, = 0°C to 70°C, Veg = Vpp = +5V 45%, Vgg = OV 
8 


Symbol Parameter 
the ALE Pulse Width 


taL Address Setup to ALE 
tLa Address Hold from ALE 


Conditions (Note 1) 


~” 


ee Control Pulse Width (PSEN, RD, WR) | 900s 1800—S—C*| 
tow Data Set-Up Before WR 500 | 1000 
two Data Hold After WR 120 120 CL = 20pF 
6 MHz XTAL 


(3 MHz XTAL for -8) 


tcy Cycle Time 25 15.0 pen ee Ul 


tor Data Hold 0 200 0 200 
fa PSEN, RD to Data In | 500 1000 ns 


taw Address Setup to WR 230 260 Fons | 
tap Address Setup to Data In | 950 | 900 | ons | 
tare Address Float to RD, PSEN ee ee ee 
Note1: Control Outputs: Cy = 80 pF, 2.2K to Vgg, 4.3K to Vec 
BUS Outputs: CL = 150 pF, 2.2K to Vgs, 4.3K to Vcc tcy = 2.5us 
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8748 ERASURE CHARACTERISTICS 


The erasure characteristics of the 8748 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
flourescent lighting could erase the typical 8748 in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 8748 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 8748 
window to prevent unintentional erasure. 


WAVEFORMS 


ALE 


BUS 


INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 


a 
ey ee 


two 


BUS FLOATING X ADDRESS (FLOATING ) { pata ) FLOATING 
| 
~«—— taw = 


WRITE TO EXTERNAL DATA MEMORY 


tow — 


9-6 


Subject 
The recommended erasure procedure (see page 3-55) for 
the 8748 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure time 
with this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000uUW/cm2 power rating. The 
8748 should be placed within one inch from the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
and this filter should be removed before erasure. 


8748 EPROM PROGRAMMING 
See the EPROM programming section, page 3-55. 


ALE 


i eee, 


oa 


RD | | 
pe eo mac tor 
FLOATING 
BUS FLOATING ADDRESS ( “  XKoara) FLOATING 
fee tap > 


READ FROM EXTERNAL DATA MEMORY 


ificg = 
to chant” So 


8048/8748/8035 | 


Par, Ice- he 
Ne trip fs Not IN 
PIN DESCRIPTION imits or 3 fay, WM R 
SUbjgry Citic. y 
ct at; 

Designation Pin# Function Designation Pin # Function Chang, *Ome 

Vgs 20 Circuit GND potential RD 8 Output strobe activated during a 

Vop 6 Programming power supply; +25V BUS read. Can be used to enable 
during program, +5V during oper- data onto the BUS from an external 
ation for both ROM and PROM. device. 

Low power standby pin in 8048 Used as a Read Strobe to External 
ROM version. Data Memory. (Active low) 

Vec 40 __-Main power supply; +5V during RESET 4 Input which is used to initialize the 
operation and programming. processor. Also used during PROM 

PROG 25 Program pulse (+25V) input pin programming verification, and 
during 8748 programming. power down. (Active low) 

Output strobe for 8243 I/O WR 10 Output strobe during a BUS write. 
expander. (Active low)(Non TTL Vit4) 

P10-P17 27-34 8-bit quasi-bidirectional port. Used as write strobe to External 

Port 1 Data Memory. 

P20-P27 21-24  8&bit quasi-bidirectional port. no 

Port 2 35-38 ; ALE 11 Address Latch Enable. This signal 
P20-P23 contain the four high occurs once during each cycle and 
order program counter bits during is useful as a clock output. 
an external program memory fetch ; 
and serve as a 4-bit I/O expander The negative edge of ALE strobes 
bus for 8243 address into external data and pro- 

gram memory. 

DB )-DB, 12-19 True bidirectional port which can — ; 

BUS be written or read synchronously PSEN 9 Program Store Enable. This output 
using the RD, WR strobes. The occurs only during a fetch to exter- 
port can also be statically latched. = nal program memory. (Active low) 
Contains the 8 low order program SS 5 Single step input can be used in con- 
counter bits during an external junction with ALE to “single step’’ 
program memory fetch, and receives the processor through each in- 
the addressed instruction under the struction. (Active low) 
control of PSEN. Also contains the EA 7 External Access input which forces 
address and data during an external all program memory fetches to re- 
RAM data store instruction, under ference external memory. Useful 
control of ALE, RD, and WR. for emulation and debug, and 

TO 1 Input pin testable using the con- essential for SEStIAg and pesos 
ditional transfer instructions JTO verification. (Active high} 
and JNTO. TO can be designated as XTAL1 2 One side of crystal input for inter- 
a clock output using ENTO CLK nal oscillator. Also input for exter- 
instruction. TO is also used during nal source. (Not TT L Compatible) 
PECgra Mag: XTAL2 3 Other side of crystal input. 

T1 39 Input pin testable using the JT1, 
and JNT1 instructions. Can be des- 
ignated the timer/counter input using 
the STRT CNT instruction. 

INT 6 Interrupt input. Initiates an inter- 


rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 


INSTRUCTION SET 


8048/8748/8035 


Mnemonic Description Bytes Cycle 
ADD A, R Add register to A 

ADD A, @R Add data memory to A 

ADD A, #data Add immediate to A 

ADDC A, R Add register with carry 

ADDC A, @R Add data memory with carry 


ADDC A, #data 


Add immediate with carry 


1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
ANLA,R And register to A 1 1 
ANL A, @R And data memory to A 1 1 
ANL A, #data And immediate to A 2 2 
. ORLA, R Or register to A 1 1 
£ ORL A, @R Or data memory to A 1 1 
Ss ORLA, #data Or immediate to A 2 2 
E XRLA,R Exclusive Or register to A 1 1 
3 XRLA, @R Exclusive or data memory to A 1 1 
< XRLA, #data Exclusive or immediate to A 2 2 
INCA Increment A 1 1 
DECA Decrement A 1 1 
CLRA Clear A 1 1 
CPLA Complement A 1 1 
DAA Decimal Adjust A 1 1 
SWAP A Swap nibbles of A 1 1 
RLA Rotate A left 1 1 
RLCA Rotate A left through carry 1 1 
RRA Rotate A right 1 1 
RRCA Rotate A right through carry 1 1 
IN A, P Input port toA 1 2 
OUTLP,A Output A to port 1 2 
ANL P, #data And immediate to port 2 2 
3 ORL P, #data Or immediate to port 2 2 
S INS A, BUS Input BUS to A 1 2 
Q OUTLBUS,A Output A to BUS 1 2 
2 ANL BUS, #data And immediate to BUS 2 2 
£ ORL BUS,#data Or immediate to BUS 2 2 
MOVD A, P Input Expander port to A 1 2 
MOVD P,A Output A to Expander port 1 2 
ANLDP,A And A to Expander port 1 2 
ORLD P,A Or A to Expander port 1 2 
5 INC R Increment register 1 
% INC @R Increment data memory 1 
& DEC R Decrement register 1 
JMP addr Jump unconditional 2 2 
JMPP @A Jump indirecc 1 2 
DJNZ R, addr Decrement register and skip 2 2 
JC addr Jump on Carry = 1 2 2 
JNC addr Jump on Carry = 0 2 Z 
J Z addr Jump on A Zero 2 2 
JNZ addr Jump on A not Zero 2 2 
3 JTO addr Jump on TO = 1 2 2 
@ JNTO addr Jump on TO= 0 2 2 
om ST1 addr Jump on T1 = 1 2 2 
JNT1 addr Jump on T1=0 2 2 
JFO addr Jump on FO = 1 2 2 
JF 1 addr Jump on F1 = 1 2 2 
JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT = 0 2 2 
JBb addr Jump on Accumulator Bit 2 2 


Mnemonic Description Bytes Cycles 
® 
= CALL Jump to subroutine 2 2 
a RET Return 1 2 
2 RETR Return and restore status 1 2 
” 
CLR C Clear Carry 1 1 
CPL C Complement Carry 1 1 
® CLR FO Clear Flag 0 1 1 
u CPL FO Complement Flag 0 1 1 
CLR F1 Clear Flag 1 1 1 
CPL F1 Complement F lag 1 1 1 
MOV A, R Move register to A 1 1 
MOV A, @R Move data memory to A 1 1 
MOV A, #data Move immediate to A 2 2 
MOV R,A Move A to register 1 1 
MOV @R,A Move A to data memory 1 1 
> MOV R, #data Move immediate to register 2 2 
2 MOV @R, #data Move immediate to datamemory 2 2 
& MOVA,PSW Move PSW to A 1 1 
s MOV PSW,A Move A to PSW 1 1 
Py XCH A, R Exchange A and register 1 1 
XCHA,@R Exchange A and data memory 1 1 
XCHD A, @R Exchange nibble of Aandregister 1 1 
MOVX A, @R Move external data memory toA 1 2 
MOVX @R,A MoveA to external data memory 1 2 
MOVP A, @A Move to A from current page 1 2 
MOVP3 A, @A_ Move to A from Page 3 1 2 
MOV A, T Read Timer/Counter 1 1 
S MOVT,A Load Timer/Counter 1 1 
5 STRT T Start Timer 1 1 
O STRT CNT Start Counter 1 1 
® STOP TCNT Stop Timer/Counter 1 1 
é EN TCNTI Enable Timer/Counter Interrupt 1 1 
DIS TCNTI Disable Timer/Counter Interrupt 1 1 
EN | Enable external interrupt 1 1 
DIS | Disable external interrupt 1 1 
© SELRBO Select register bank 0 1 1 
& SEL RB1 Select register bank 1 1 1 
©O SEL MBO Select memory bank O 1 1 
SEL MB1 Select memory bank 1 1 1 
ENTO CLK Enable Clock output on TO 1 1 
NOP No Operation 1 1 


Mnemonics copyright Intel Corporation 1976 
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8243 “st 
MCS-48™ *M4¢, Som, 
INPUT/OUTPUT EXPANDER 


@ Low Cost @ 24 Pin DIP 
= Simple Interface to MCS-48™ Micro- @ Single 5V Supply 
computers @ High Output Drive 
@ Four 4-Bit 1/O Ports = Direct Extension of Resident 8048 I/O 
@ AND and OR Directly to Ports Ports 


The 8243 is an input/output expander designed specifically to provide a low cost means of !/O expansion for the MCS-48 
family of single-chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost. single supply voltage and 
high drive current capability. 


The 8243 consists of four 4-bit bi-directional static 1/O ports and one 4-bit port which serves as an interface to the MCS-48 
microcomputers. The 4-bit interface requires that only four (4) I/O lines of the 8048 be used for I/O expansion and also 
allows multiple 8243's to be added to the same bus. 


The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are 
accessed by their own MOV, ANL, and ORL instructions. 


PIN CONFIGURATION BLOCK DIAGRAM 


ADDRESS 
DECODER LATCH PORT 4 
INPUT | 
BUFFER 


INSTRUC. 
DECODER 
F LATCH PORT 5 
PORT 2 Ct) MUX g : 
INPUT 


4 ii BUFFER 
TEMP 
ig 4 g LATCH PORT 6 
PROG-———| CONTROL in AND/OR —- 
LOGIC INPUT 
BUFFER 
4 
LATCH PORT 7 
RESET bad iA 
CIRCUIT 
INPUT 
BUFFER 


1 
2 
3 
4 
5 
6 
7 
8 
9 


_ 
So 
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8243 


PIN DESCRIPTION 
Symbol Pin No. 
PROG: rf 


Function 


Clock Input. A high to low 
transistion on PROG signifies 
that address and control are 
available on P20-P23, and alow 
to high transition signifies that 
data is available on P20-23. 


Chip Select Input. AhighonCS 


inhibits any change of output or 


internal status. 


P20-P23 Four (4) bit bi-directional port 
contains the address and con- 
trol bits on a high to low 
transition of PROG. During a 
low to high transition contains 
the data for a selected output 
port if a write operation, or the 
data from a selected port before 
the low to high transition if a 
read operation. 


GND 


P40-P43 
P50-P53 
P60-P63 
P70-P73 


12 


2-5 
Weore| 
20-17 
13-16 


0 volt supply. 


Four (4) bit bi-directional 1/O 
ports. May be programmed 
to be input (during read), 
low impedance latched output 
(after write) or a tri-state (after 
read). Data on pins P20-23 may 
be directly written, ANDed or 
ORed with previous data. 


24 +5 volt supply. 


Voc 
FUNCTIONAL DESCRIPTION 


General Operation 


The 8243 contains four 4-bit |/O ports which serve as an 
extension of the on-chip I/O and are addressed as ports 4- 
7. The following operations may be performed on these 
ports: 


e Transfer Accumulator to Port. 
e Transfer Port to Accumulator. 
e AND Accumulator to Port. 

e OR Accumulator to Port. 


All communication between the 8048 and the 8243 occurs 
over Port 2 (P20-P23) with timing provided by an output 
pulse on the PROG pin of the processor. Each transfer 
consists of two 4-bit nibbles: 


The first containing the “op code” and port address and 
the second containing the actual 4-bits of data. 
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A high to low transition of the PROG line indicates that 
address is present while a low to high transition indicates 
the presence of data. Additional 8243's may be added to 
the 4-bit bus and chip selected using additional output 
lines from the 8048/8748/8035. 


Power On Initialization 


Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and port 2to 
the input mode. The PROG pin may be either high or low 
when power is applied. The first high to low transition of 
PROG causes device to exit power on mode. The power on 
sequence is initiated if Vcc drops below 1V. 


P21 P20 Address Code P23 P22 Instruction Code 


0 0 Port 4 0 0 Read 
8) 1 Port 5 0 1 Write 
1 @) Port 6 1 0 ORLD 
1 1 Port 7 1 1 ANLD 


Write Modes 


The device has three write modes. MOVD Pi, A directly 
writes new data into the selected port and old data is lost. 
ORLD Pi,A takes new data, OR’s it with the old data and 
then writes it to the port. ANLD Pi,A takes new data AND’s 
it with the old data and then writes it to the port. Operation 
code and port address are latched from the input port 2on 
the high to low transition of the PROG pin. On the low to 
high transition of PROG dataon port 2 is transferred to the 
logic block of the specified output port. 


After the logic manipulation is performed, the data is 
latched and outputed. The old data remains latched until 
new valid outputs are entered. 


Read Mode 


The device has one read mode. The operation code and 
port address are latched from the input port 2 on the high 
to low transition of the PROG pin. As soon as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low to high 
transition of the PROG pin. The port (4, 5, 6or 7) that was 
selected is switched to the tri-stated mode while port 2 is 
returned to the input mode. 


Normally, a port will be in an output (write mode) or input 
(read mode). If modes are changed during operation, the 
first read following a write should be ignored; all following 
reads are valid. This is to allow the external driver on the 
port to settle after the first read instruction removes the 
low impedance drive from the 8243 output. 


8243 PRELI MI NARY 


7 a tS i Te 
metric limits are subjesn sification, Some 


¥ : toc 
ABSOLUTE MAXIMUM RATINGS* COMMENT: Stresses above those listed under “Absoln ange. 

Maximum Ratings’ may cause permanent damage to the 

device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature. ............. —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground............ —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation...................--4. 1 Watt reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta =0°C to 70°C, Veg = 5V +5% 


A.C. CHARACTERISTICS 

Ta =O0°C to 70°C, Veg = 5V +5% 

te Float After PROG il 700 ns 

ty Enabled After PROG 200 ia ae 
ik [PROG Newotve Pusewieth OO |e 


Ke) 
— 
—_ 


WAVEFORMS 


PROG 
PORT 2 INSTRUCTION 
INPUT MUST 
PORT 2 BE VALID 
<—— tpo 
PORTS 4-7 PREVIOUS OUTPUT VALID SUTEeT 
VALID 
tip tip2 
PORTS 47 INPUT VALID 
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8243 


EXPANDER INTERFACE 


OUTPUT EXPANDER TIMING 


007] READ 0077 

01 |. WRITE 01 . PORT 

10 | OR 10 ° ADDRESS 
J 


| AND 11 


ADDRESS (4-BITS) DATA (4-BITS) 


USING MULTIPLE 8243's 
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EXPANSION OF THE MCS-48™ SYSTEM 


The 8048/8748 or the 8035 may use various combinations of the 8355/8755 Program Memory and I/O 
Expander and the 8155 Data Memory and I/O Expander. 


Data Memory can be expanded beyond the resident 64 words in blocks of 256 by adding 8150's. 
Program Memory can be expanded beyond the resident 1K in blocks of 1K by using the 8355/8755 in 
combination with the 8035 or 8048. Since the 8355 contains 2K words, the 8035 is needed to fill the 
“gaps”. For program memory of 1K or less use the 8048. For programs in the 1 to 2K range use an 
8035/8355 combination and for the 2 to 3K range use an 8048/8355 combination. 


For compatible 8000 Series components see page 10-4. 


1088 


1K 


832 


768 


578 


512 


DATA MEMORY (RAM) 


320 


256 


64 


8048 
8355 (28)| 


PROGRAM MEMORY (ROM) 


(_ ) Number of Available 
1/O Lines 
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MCS-80/85™" MICROPROCESSOR 


INTRODUCTION 


Intel 8000 Series microprocessor elements may be used to form a variety of microcomputer systems. Powerful 8 bit 
CPU’s such as the 8080A and 8085, combined with general purpose or dedicated peripherals, memories and other 
LSI blocks, make the Intel 8000 Series the largest and most versatile microcomputer family available. 


TABLE OF CONTENTS 


Central Processing Unit and Support Circuits 


8008/8008-1 8Bit Microprocessor... 0... ce ee eee ees 10-5 
8080A Single Chip 8 Bit N-Channel Microprocessor .. 1... 6 eee ee ees 10-11 
8080A-1 Single Chip 8-Bit N-Channel Microprocessor .. 1... 0... eee eee eee ete eee ees 10-20 
8080A-2 Single Chip 8Bit N-Channel Microprocessor... 1... 0. ee eee ee ee eee 10-24 
M8080A Single Chip 8-Bit N-Channel Microprocessor (Military Version) ........-- +e eee eens 10-28 
8224 Clock Generator and Driver .. 0.0... cee ee ee ee eee ee eee ee eee eee 10-33 
M8224 Clock Generator and Driver (Military Version) ....... 00. ec ee eee ee es 10-37 
8801 Clock Generator Crystal ...06 66.0666 be bk Se we be BER ES ED ee ee Awe 10-41 
8228/8238 System Controller and Bus Driver .. 1... 0. ce ee et ee ees 10-43 
M8228/M8238 System Controller and Bus Driver (Military Version) .. 10.6.6... 6.0 e eee ee eres 10-47 
8085 Single Chip 8-Bit N-Channel Microprocessor .. 1... 0. . ee eee eee eee ee ee ees 10-52 
Memory and !/O Expanders for MCS-85/48™ 
8155 2048-Bit Static MOS RAM with I/O Portsand Timer .. 0... 20... ce ee ee eee 10-63 
8355 16,384-Bit ROM with 1/0 .. cc cc ce ce ee ee eee eee eee ee ees 10-75 
8755 16,384-Bit EPROM with 1/0 2.0... .. . ce cc ee ee eee tee tee eee 10-82 
Selected Memories 

8101A-4 1024-Bit Static MOS RAM with Separate 1/0 .. 10... .. ce ee ee ns 10-88 
8102-4 1024-Bit Fully Decoded Static MOS Random Access Memory ......5 22 eee e ee eee ees 10-91 
8111A-4 1024-Bit Static MOS RAM with Common 1/0 ........ eee ee eee ees 10-95 
8308 8192-Bit Static MOS Read Only Memory... .. 0... 2. ee eee ee ee eee eee 10-98 
8316A 16,384-Bit Static MOS Read Only Memory .... 2... 0c eee eee ee ee teens 10-102 
8708 8192-Bit Erasable and Electrically Reprogrammable Read Only Memory ............246. 10-105 
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TABLE OF CONTENTS (Continued) 


General Purpose and Dedicated Function Peripherals 


8205 High Speed 1 out of 8 Binary Decoder... ... 0.0.0... cece ce cece cece cece e eee. 10-108 
8212 € Bit- Input/Output Port ss vying 6.6 we aa gy eke eee ava deww we Sb Wad Gee So bb dene 10-114 
M8212 8Bit Input/Output Port (Military Version) ..... 2.0... 0000 cee cece cece ee ee eee. 10-123 
8214 Priority Interrupt Control Unit... 2... ee cee cece eee eee ee. 10-128 
M8214 Priority Interrupt Control Unit (Military Version) ..... 0.0.00 0c cc eee c ec ececee ee. 10-132 
8216/8226 4-Bit Parallel Bi-directional Bus Driver ........0 0.0.00 cece ececcccecce ee. 10-135 
M8216 4-Bit Parallel Bi-directional Bus Driver (Military Version) ...............-.-00--55, 10-140 
8251 Programmable Communication Interface... 2... 0... ee eee cece eee eee. 10-143 
M8251 Programmable Communication Interface (Military VERSION) em gta dee Yih sel 8 oe eee plas 10-156 
8253 Programmable Interval Timer ... 0... 0.0.00 0c e cece cee cece cece cece e cee. 10-159 
8255A Programmable Peripheral Interface... 0.0.0... eee ccc eee e cece cece, 10-170 
M8255A Programmable Peripheral Interface (Military Version)... ....... 0.0.00 eee eee ee ee. 10-192 
8257 Programmable DMA Controller... 2.2.0.0... eee c eee ee eee eee. 10-195 
8259 Programmable Interrupt Controller 2... 0.0.00... 0c ee ee ee cece eee eee. 10-212 
8271 Programmable Floppy Disk Controller ........0 0.0.00. c cece cece e eee cece cece. 10-228 
8273 SDLC Protocol Controller 22... 2... ee eee eee e eee c cece eee, 10-232 
8275 Programmable CRT Controller 2.1... .. 0.0.0.0. ee eee eee e cece ec eee. 10-236 
8279 Programmable Keyboard/Display Interface .... 0.0.0... eee cee cece cece cece, 10-240 
Kits 
SDK-80 8080 System Design Kit 0... eee eee e cece cece eee. 10-251 
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RECOMMENDED PRODUCTS 
FOR 
MCS-48/80/85 MICROCOMPUTER APPLICATIONS 


Description 
RAM-1/O 


ROM-1I/O 
EPROM-1/O 


Function 


Memory and 1/O 
Expanders for 
MCS-48/85 


8101A-4 
8102A-4 
8111A-4 
5101 
2114 


256 x 4 
1K x 1 
256 x 4 

256 x 4 CMOS 
1Kx4 


RAMs (Static) 


RAMs (Dynamic) | 2104A-4 
2107B-4 


2116-4 


<| x KK) KKK KX 


px xxx 


Refresh Controller 
Refresh Counter / 
Multiplexer 
Refresh Counter/ 
Multiplexer 


RAM Support 
Circuits 


EPROMs 1702A-2 
8708 
2708 
2716 


Peripherals 


px xp 


po 
po 


x «x «KKK KK KL KKK KI KK XK 


1-8 Decoder 
8-Bit Latch 
Priority Unit 
4-Bit Bus Driver 
Clock Generator 
4-Bit Bus Driver 
System Controller 
System Controller 


x< <x x XK xX 
x x xX KX 


USART 
Interval Timer 
PPI 

DMA 
Interrupt 


= 
x< x xX xX 
x< x KX xX 
= 
= 

x <x xX 


Floppy Disk 
SDLC 

CRT 
KYBD/Display 


me 
x KKK] XK 
x KK XX 
x x KX 
_ 
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intel 
8008/8008-1 
EIGHT-BIT MICROPROCESSOR 


@ Instruction Cycle Time — 12.5 ps with @ 48 Instructions, Data Oriented 
8008-1 or 20 ps with 8008 m Address Stack Contains Eight 14-Bit 
# Directly Addresses 16K x 8 Bits of Registers (Including Program Counter) 
Memory (RAM, ROM, or S.R.) Which Permit Nesting of Subroutines Up 
= Interrupt Capability To Seven Levels 


The 8008 is a single chip MOS 8-bit parallel central processor unit for the MCS-8 microcomputer system. 


This CPU contains six 8-bit data registers, an 8-bit accumulator, two 8-bit temporary registers, four flag bits (carry, zero, sign, 
parity), and an 8-bit parallel binary arithmetic unit which implements addition, subtraction, and logical operations. A memory 
stack containing a 14-bit program counter and seven 14-bit words is used internally to store program and subroutine addresses. 
The 14-bit address permits the direct addressing of 16K words of memory (any mix of RAM, ROM or S.R.). 


The instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to sub- 
routine. 


The normal program flow of the 8008 may be interrupted through the use of the INTERRUPT contro! line. This allows the 
servicing of slow I/O peripheral devices while also executing the main program. 


The READY command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor memory 
to be used. 


8008 CPU 
BLOCK DIAGRAM 


Dj-D,  BI-DIRECTIONAL 
DATA BUS 


DATA BUS 
BUFFER 
(8 BIT) 
I INTERNAL DATA BUS 


INSTRUCTION | 
MULTIPLEXER 


REGISTER (8) 
PROGRAM COUNTER 
(14) 
LEVEL NO. 1 


INSTRUCTION 
DECODER 


(8 BIT) 
INTERNAL DATA BUS 


.—»Y 


TEMP. REG. TEMP. REG. 
a. (8) b. (8) 


ACCUMULATOR 


(8) 
- (8) 
- (8) 
. (8) 
. (8) 
(8) 


FLAG 
FLIP-FLOPS 


(14) 
LEVEL NO. 2 
AND (14) 
MACHINE 

CYCLE 
ENCODING 


LEVEL NO, 3 


REGISTER SELECT 


(14) 


LEVEL NO. 4 


SCRATCH 
PAD 


(14) 


B 
Cc 
REG 
D 
REG 
E 
REG 
L 


STACK POINTER 


LEVEL NO.5 (14) 


LEVEL NO. 6 (14) 


LEVEL NO. 7 (14) 


TIMING ADDRESS 


STACK 


AND 
CONTROL 


POWER [——» -ov 
SUPPLIES ry, 


STATUS INT 


READY 


SYNC CLOCKS 


| 


SO S1 S2 INT READY SYNC 61 62 
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che ee es oi Ne ee SS SS SS 


8008 FUNCTIONAL PIN DESCRIPTION 


Vpp O O INTERRUPT 

D, Oe] 2 O READY 

Dg O O “4 

Ds INTEL 15 0 %2 

Bara a 8008 14/0 SYNC 
BUS | D, O Sy 

D, O S, LSTATE 

D, O<>] 8 OS, 

Dy O19 o Vec 
Do-D7 


BI-DIRECTIONAL DATA BUS. All address and 
data communication between the processor and the 
program memory, data memory, and I/O devices 
occurs on these 8 lines. Cycle control information 
is also available. 


INT 


INTERRUPT input. A logic “1” level at this input 
causes the processor to enter the INTERRUPT 
mode. 


READY 


READY input. This command line is used to syn- 
chronize the 8008 to the memory cycle allowing 
any speed memory to be used. 
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SYNC 


SYNC output. Synchronization signal generated by 
the processor. It indicates the beginning of a ma- 
chine cycle. 


?4 , b9 
Two phase clock inputs. 
So, $1, S2 


MACHINE STATE OUTPUTS. The processor con- 
trols the use of the data bus and determines whether 
it will be sending or receiving data. State signals 
So, $1, and S2, along with SYNC inform the pe- 
ripheral circuitry of the state of the processor. 


Vec +5V +5% 
Vop -9V +5% 


8008/8008-1 


BASIC INSTRUCTION SET 
Data and Instruction Formats 


Data in the 8008 is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be 
in the same format. 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 


Eine Geraint wanion: TYPICAL INSTRUCTIONS 


Register to register, memory reference 
D, Og De Dg O04 D5 DO, D : 
(Ala aa ace a Seine aaa, 0 OP CODE 1/0 arithmetic or logical, rotate or 


n t 
Two Byte Instructions return instructions 


D7 Dg Dg Dg 03 DQ Dy Dg OP CODE 


D+ Oe De Dg Dy DD DO, O 
776 75 403 201 0 OPERAND Immediate mode instructions 


Three Byte Instructions 

D7 Dg Og Dg 93 D2 Dy, DO OP CODE 
JUMP CALL t t 

D, Dg Og Da D3 Oz D, Do LOW ADDRESS or INStrUCTIONS 


x xX Ds D4 D3 Do Dy Do HIGH ADDRESS® *For the third byte of this instruction, Dg and Dj are ‘'don't care’’ bits, 


For the MCS.8 a logic ‘‘1‘' is defined as a high level and a logic ‘‘0’ is defined as a low level. 


Index Register Instructions 
The load instructions do not affect the flag flip-flops. The increment and decrement instructions affect all flip- 
flops except the carry. 


MINIMUM INSTRUCTION CODE 
MNEMONIC | STATES D,Dg 050403 070, 0p DESCRIPTION OF OPERATION 


REQUIRED 
Load index register ry with the content of index register r9. 
Load index register + with the content of memory register M. 
Load memory register M with the content of index register r, 
Load index register r with dataB...8. 
Load memory register M with dataB... B. 


Increment the content of index register r (r # A). 


(1)}mov ry.r2 


MOV r,M 


7 


5 


Accumulator Group Instructions 


Decrement the content of index register r (r # A). 


The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 


Add the content of index register r, memory register M, or data 
B...B to the accumulator. An overflow (carry) sets the carry 
flip-flop. 


Add the content of indéx register r, memory register M, or data 
B ...B from the accumulator with carry. An overflow (carry) 


> 
9 


sets the carry flip-flop, 


Subtract the content of index register r, memory register M, or 


data B ...B from the accumulator. An underflow (borrow) 
sets the carry flip-flop. 


n 
€ 


Subtract the content of index register r, memory register M, or data 
data B ...B from the accumulator with borrow. An underflow 


(borrow) sets the carry flip-flop. 
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BASIC INSTRUCTION SET 


MINIMUM INSTRUCTION CODE 
MNEMONIC STATES D7D¢ Dy, D,D3 Dz 0, DESCRIPTION OF OPERATION 
REQUIRED 


Compute the logical AND of the content of index register r, 
memory register M, or data B ... B with the accumulator. 


Compute the EXCLUSIVE OR of the content of index register 
r, Memory register M, or data B ... 8B with the accumulator, 


Compute the INCLUSIVE OR of the content of index register 
r, Memory register m, or data B ...B with the accumulator. 


Compare the content of index register r, memory register M, 
or data B ... B with the accumulator. The content of the 


accumulator is unchanged. 


Rotate the content of the accumulator left. 
Rotate the content of the accumulator right. 


Rotate the content of the accumulator left through the carry. 
Rotate the content of the accumulator right through the carry. 


io) 
io} 


. | Unconditionaiuy jump to memory address B3...B3B2...B2. 
(5) INC. INZ, (9 or 11) Jump to memory address B3.... B3B2 .. . Ba if the condition 
‘ flip-flop is false. Otherwise, execute the next in-?ruction in sequence. 


(9 or 11) Jump to memory address B3...B3B2...Ba tt the cordition 
’ flip-flop is true. Otherwise, execute the next instructicn in sequence. 
CALL (11) Unconditionally call the subroutine at memory address B3... 
B3B2...B2. Save the current address (up one level in the stack). 
CNC, CNZ, (9 or 11) Call the subroutine at memory address B3...B3B2...B2 if the 
Cheae® condition flip-flop is false, and save the current address (up one 
level in the stack.) Otherwise, execute the next instruction in sequence, 


CC, CZ, (9 or 11) Call the subroutine at memory address B3....B3B2... BQ if the 
eMCere condition flip-flop is true, and save the current address (up one 
level in the stack). Otherwise, execute the next instruction in sequence. 


Unconditionally return (down one level in the stack). 


Soa (3 or 5) Return (down one level in the stack) if the condition flip-flop is 
‘ false. Otherwise, execute the next instruction in sequence, 


Return (down one level in the stack) if the condition flip-flop ts 
true. Otherwise, execute the next instruction in sequence. 


Call the subroutine at memory address AAAOOO (up one level in the stack). 


Read the content of the selected input port (MMM) into the 


nM KS tial 
accumulator. 
OUT oO 1 RRM MM 1 Write the content of the accumulator into the selected output 
port (RRMMM, RR # 00). 


Machine Instruction 


(4) Oo 0 0 00 QO O X] Enter the STOPPED state and remain there until interrupted. 
(4) 1 #1 1 °#71~«21 i 


NOTES: 
(1) SSS = Source Index Register These registers, r;, are designated A(accumulator—000), 
DDD = Destination Index Register B(001), C(010), D(011), E(100), H(101), L(110). 


(2) Memory registers are addressed by the contents of registers H & L. 
(3) Additional bytes of instruction are designated by BBBBBBBB. 

(4) X = “Don't Care”’. 

(5) Flag flip-flops are defined by C4C3: carry (00-overflow or underflow), zero (O1-result is zero), sign (10-MSB of result is 1"), 


parity (11-parity is even). 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature 
Under Bias 


Storage Temperature 


O°C to +70°C 
—55°C to +150°C 


Input Voltages and Supply 
Voltage With Respect 


to Voc +0.5 to —20V 


Power Dissipation 1.0 W @ 25°C 


D.C. AND OPERATING CHARACTERISTICS 
T, = 0°C to 70°C, Veg = +5V +5%, Vop 


= —9V +5% unless otherwise specified. Logic ‘1’ 


*COMMENT 


Stresses above those listed under ‘Absolute Max- 
imum Ratings’’ may cause permanent damage to 
the device. This is a stress rating only and func- 
tional operation of the device at these or any other 
condition above those indicated in the operational 
sections of this specification is not implied. 


is defined 


as the more positive level (V4, Voy ). Logic “0” is defined as the more negative level (V,, , Vo, ). 


LIMITS TEST 
PARAMETER 
MIN. | TYP. | max. | ON'T | conpitions 

AVERAGE SUPPLY CURRENT- 

OUTPUTS LOADED* 30 60 mA | T, = 25°C 

INPUT LEAKAGE CURRENT 10 uA 

INPUT LOW VOLTAGE 

(INCLUDING CLOCKS) Vie Vie AD? 

INPUT HIGH VOLTAGE 

(INCLUDING CLOCKS) Voe—1.5 Veo t0.3 | V “Measurements are made while 
+ the 8008 is executing a typical 

OUTPUT LOW VOLTAGE 0.4 ™ sequence of instructions. The 

a | test load is selected such that 
OUTPUT HIGH VOLTAGE Voe—1.5 V at Vou OAV ors O4amA 
on each output. 


A.C. CHARACTERISTICS 


Ta = O°C to 70°C; Veg = +8V £5%, Vop = —9V £5%. All measurements are referenced to 1.5V levels. 


PARAMETER 


SYMBOL 


PULSE WIDTH OF ¢5 


CLOCK DELAY FROM FALLING 
EDGE OF ¢, TO FALLING EDGE 


t STATE OUT DELAY (ALL STATES 
EXCEPT T1 AND 111) !?! 
STATE OUT DELAY (STATES 
T1 AND T11) 


PULSE WIDTH OF READY DURING]. 
$5) TO ENTER T3 STATE 


trp READY DELAY TO ENTER WAIT 20 
STATE 
(Te MINZ toy 12] 


~~ 


wo ° N 
a! o 
— 
—, 


— N 
ro) a) 


_ 
—_ 


35 


8008 
LIMITS 


8008-1 
LIMITS 
aT ma 

| 


in UNIT | TEST CONDITIONS 


x 


oO 


ac 
ee 
a 
a 
ae 
Kea al 
ecb tccemeee! 
cated eMceocteninganad 


8 


J 


ihe 


—2 
(an) _= 


if the INTERRUPT is not used, all states have the same output delay, toy. 
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TIMING DIAGRAM 


<< tey — 
— re (21 
On 12 on O12 
4 
—__ tay > to2 
022 °24 
SYNC 
20 tin 
ea ae ES _—_an om 
DATA IN 
DATA BUS =_enpeanrnean a= a= am ae ow om ee aman @e a= a @ 
LINES 
ADDRESS OUT DATA OUT 
~t--——-- top ———_> —| ton |+— top —» ton — 


S, —_— tog ——_» 
STATE 


fon 5 aS 


Notes: 1. READY line must be at ‘‘0”' prior to $22 of T2 to guarantee entry into the WAIT state. 
2. INTERRUPT line must not change levels within 200 ns (max.) of falling edge of $4. 


TYPICAL D.C. CHARACTERISTICS 


POWER SUPPLY CURRENT OUTPUT SINKING CURRENT OUTPUT SOURCE CURRENT 
VS. TEMPERATURE VS. TEMPERATURE . VS. OUTPUT VOLTAGE 


2.4 


n 
ny 


2.0 


POWER SUPPLY CURRENT (mA), Ino 
OUTPUT SINKING CURRENT (mA), Io, 
OUTPUT SOURCE CURRENT (mA), lon 


0 
i) 10 20 «30020 40 50 60 70 80 1.0 2.0 3.0 40 5.0 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE ("C) OUTPUT VOLTAGE [V), Vow 


TYPICAL A.C. CHARACTERISTICS 


DATA OUT DELAY VS. 
OUTPUT LOAD CAPACITANCE 


CAPACITANCE f=1MHz;T, = 25°C; Unmeasured Pins Grounded 


LIMIT (pF) 
bli as 


x. 


OUTPUT DELAY (us). top @ Voy 


“oO 50 100 150 200 250 300 


DATA BUS CAPACITANCE pF). Cog 
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SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


The 8080A is functionally and electrically compatible with the Intel® 8080. 


@ TTL Drive Capability @ Sixteen Bit Stack Pointer and Stack 
. Manipulation Instructions for Rapid 
# 2 us Instruction Cycle Switching of the Program Environment 


= Powerful Problem Solving = Decimal,Binary and Double 
Instruction Set Precision Arithmetic 

m= Six General Purpose Registers m@ Ability to Provide Priority Vectored 
and an Accumulator Interrupts 

= Sixteen Bit Program Counter for m 512 Directly Addressed I/O Ports 
Directly Addressing up to 64K Bytes 
of Memory 


The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI! chip using Intel’s 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 


The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 


The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and 1/O are pro- 
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 


D es 
8080A CPU FUNCTIONAL oc ae 


BLOCK DIAGRAM DATA BUS 


DATA BUS 
BUFFER/LATCH 
(8 BIT) (8 BIT) 
INTERNAL DATA BUS INTERNAL DATA BUS 


ACCUMULATOR TEMP. REG. 
ACCUMULATOR 
LATCH (8) 


D (8) E (8) 


L (8) REGISTER 
REG. ARRAY 
(16) 
STACK POINTER 


ARITHMETIC 


LOGIC 
UNIT 


PROGRAM COUNTER 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


! 


(16) 
ADDRESS BUFFER 


TIMING 
AND 
CONTROL 


POWER _| ——* +12V 


SUPPLIES | ——» +5Vy DATA BUS INTERRUPT HOLD WAIT 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 
—~e -5V 
—+ Gno { | t | 
WR DBIN INTE INT HOLD HOLD WAIT SYNC ©o1 02 RESET Ages 
eek READY ADDRESS BUS 
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8080A FUNCTIONAL PIN DEFINITION 


The following describes the function of all of the 8080A 1/0 pins. 


Several of the descriptions refer to internal timing periods. 


A15.Ag (output three-state) 

ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the I/O device number for up 
to 256 input and 256 output devices. Ag is the least significant 
address bit. 


D7-Do (input/output three-state) 

DATA BUS: the data bus provides bi-directional communication 
between the CPU, memory, and !/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Dg is the least significant bit. 


SYNC (output) 
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 


DBIN (output) 
DATA BUS IN: the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 


-enable the gating of data onto the 8080A data bus from memory 
or 1/0. 


READY (input) 


READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or 1/0 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 


WAIT (output) 
WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 


WR (output) 

WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = Q). 


HOLD (input) 

HOLD: the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

@ the CPU is in the HALT state. 

@ the CPU is in the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(A45-Ag) and DATA BUS (D7-Do) will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 


HLDA (output) 
HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HOLD signal and indicates that the data and address bus 


A 

Ai0 11 

GND Ara 
A 

D, a 

D. 12 


oOmANnN DOP WN 


235 
Or © © tl © © Ft © © a © Un © OF © OO OE © 
= 


INTE O Ao 
DBIN O WAIT 
Wh O READY 

SYNC O 94 


Oo 
RO 
TTP TTT TTT ttt 


Pin Configuration 


will go to the high impedance state. The HLDA signal begins at: 

@ 13 for READ memory or input. 

@ The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 


In either case, the HLDA signal appears after the rising edge of $4 
and high impedance occurs after the rising edge of $2. 


INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En. 
able and Disable Interrupt instructions and inhibits interrupts 
from being accepted by the CPU when it is reset. It is auto: 
matically reset (disabling further interrupts) at time T1 of the in 
struction fetch cycle (M1) when an interrupt is accepted and i: 
also reset by the RESET signal. 


INT (input) 

INTERRUPT REQUEST; the CPU recognizes an interrupt re 
quest on this line at the end of the current instruction or while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
flip/flop ?s reset it will not honor the request. 


RESET (input) [1] 

RESET: while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will star 
at location 0 in memory. The INTE and HLDA flip/flops are alsc 
reset. Note that the flags, accumulator, stack pointer, and register 
are not cleared. 


Vss Ground Reference. 
Vpp +12 + 5% Volts. 
Veco +5 + 5% Volts. 
Veg  -5 +5% Volts (substrate bias). 
$1,¢2 2 externally supplied clock phases. (non TTL compatible 


ge ee ae a rg SS SS Se 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............... 0°C to +70° C *COMMENT: S tresses above those listed under ‘Absolute Maxi- 
Storage Temperature ............... -65°C to +150°C_ =| ~mum Fatings may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 

All Input or Output Voltages : ees begs ; 
vice at these or any other conditions above those indicated in 
With Respect to Ves tiphth pa Rip hay ae eS -0.3V to +20V the operational sections of this specification is not implied. Ex- 
Vcc. Vop and Vgg With Respect to Vgg -0.3V to +20V posure to absolute maximum rating conditions for extended 

Power Dissipation ................ 000000002 1.5W periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = O°C to 70°C, Vpp = +12V + 5%, Voc = +5V + 5%, Vag = -5V + 5%, Veg = OV, Unless Otherwise Noted. 


Wile Clock Input Low Voltage Vss-1 | | Vgg+0.8 
Vinc Clock Input High Voltage 9.0 || Mpptt) ove | 


Vig Input High Voltage 
VoL Output Low Voltage Fat lo. = 1.9mA on all outputs, 
lpp (av) | Avg. Power Supply Current (Vpp) | 40 a 

eration 
IgpB (av) | Avg. Power Supply Current (Vag) | Ot | 
lok Clock Leakage er +10 Vss < Vetock S Vpp 


Ip, [2] Data Bus Leakage in Input Mode -100 LA Vss <Vin <Vss +0.8V 


IN SVec 


720 mA Vs5 +0.8V <SVin SVec 
Address and Data Bus Leakage +10 ik VADDR/DATA = Vcc 
a During HOLD -100 VADDR/DATA = Vss + 0.45V 
CAPACITANCE TYPICAL SUPPLY CURRENT VS. 
T, = 25°C Vcc = Vpp = Vss = OV, Veg =-5V TEMPERATURE, NORMALIZED. [3] 


Se: 
S 
oy 
Ss 
= 


Test Condition 
f, = 1 MHz 


Unmeasured Pins 


SUPPLY CURRENT 
S 


Returned to Vss 
NOTES: 


1. The RESET signal must be active for a minimum of 3 clock cycles. “0 +25 

2. When DBIN is high and Vi > Vj an internal active pull up will 
be switched onto the Data Bus. 

3. Al supply / AT, = -0.45%/°C. 


+50 +75 


AMBIENT TEMPERATURE (°C) 


DATA BUS CHARACTERISTIC 
DURING DBIN 
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A.C. CHARACTERISTICS . 
Ta =0°C to 70°C, Vop = +12V + 5%, Voc = +5V + 5%, Veg = -5V + 5%, Vsg = OV, Unless Otherwise Noted 


Symbol Parameter Min. | Max. | Unit | Test Condition 


tcy[3!_ | Clock Period 0.48 sec 
t,, tr Clock Rise and Fall Time 


> 
n 
9") 
io) 


to1 $1 Pulse Width F360) 4 nsec 
to2 > Pulse Width 220 a nsec 
ior | Delay 1 a 


~“ 
Oo 
=) 
wn 
© 
?) 


tp2 Delay $2 to gy 
tp3 Delay ¢, to ¢2 Leading Edges 


NO 
8 
fo] 
3 
w 
© 
i?) 


toa [2] | Address Output Delay From $9 


NO 
NO 
8 


tpp [2] | Data Output Delay From ¢5 


toc [2] | Signal Output Delay From ¢,, or $2 (SYNC, WR,WAIT, HLDA) || 120 | nsec | 


tog [2] | DBIN Delay From ¢2 


tp, [1! Delay for Input Bus to Enter Input Mode | tor | nsec 


tos1 Data Setup Time During ¢, and DBIN 


TIMING WAVEFORMS''4! (Note: Timing measurements are made at the following reference voltages: CLOCK ‘1’ = 8.0V 
“0 = 1.0V; INPUTS “1” = 3.3V, “0” = 0.8V; OUTPUTS “1” = 2.0V, 0" = 0.8V.) 


<< 


oa Le a —*| toi 


21 N 


2 
j-to3> —>| tor \<- 
! 
+ too > —>| to, |< 
papas, = 
f > {DATA IN 
—| tos1 |<+— 
SYNC + tos2—> 
DBIN 


READY 


WAIT 


HOLD 


HLDA 


INT 
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A.C. CHARACTERISTICS (Continued) 
Ta = 0°C to 70°C, Vpp = +12V + 5%, Voc = +5V + 5%, Veg = -5V + 5%, Vss = OV, Unless Otherwise Noted 


Symbol Parameter Test Condition 
tos2 Data Setup Time to ¢2 During DBIN 
toy!) | Data Hold Time From ¢9 During DBIN 
tye [2] INTE Output Delay From ¢2 

trs READY Setup Time During $5 


tus HOLD Setup Time to ¢9 


C, = 50pf 


——_ 
NO 
oO 


tis INT Setup Time During $9 (During 64 in Halt Mode) 
tH Hold Time From $2 (READY, INT, HOLD) 

teEp Delay to Float During Hold (Address and Data Bus) 
taw/l2] | Address Stable Prior to WR 

tpw!2] | Output Data Stable Prior to WR 

twp[2] | Output Data Stable From WR 7 
twa!2] | Address Stable From WR (7] 


nm 


NO 
o>) 


Nema 


typ [2] HLDA to Float Delay 
twe [2] | WR to Float Delay 
tay!2] | Address Hold Time After DBIN During HLDA 


' 
NO 
‘) 
—_— 
NO 
Oo 
=) 
nr 
ra) 
o) 


nsec | 

nsec _| 

[nsec | 

C= 100pf: Address, Data 
a C, =50pf: WR, HLDA, DBIN 
[nsec 


NOTES: 


1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tOH = 50ns or tor, whichever is less. 


2. Load Circuit. 
4 | 


| 
2 
8080A 
OUTPUT 
Aas-Ao = 
3. tcy =tpo3 + tro2 + to2 + t¥p2 + to2 + trot > 480ns. - 
TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 
D,-Dy _ #20 
| £ 
SYNC a +10 
=] 
O 
Eo oO 
- me. 3 
5 
o -10 
Ste. “1 
WR earn: twr -20 
toc -100 
READY | \ CAPACITANCE (pf) 
‘ (Cactuar — spec! 
HF 
WAIT 


4. The following are relevant when interfacing the 8080A to devices having Vj} = 3.3V: 
a) Maximum output rise time from .8V to 3.3V = 100ns @ C,_ = SPEC. 
HoLp b) Output delay when measured to 3.0V = SPEC +60ns @ C,_ = SPEC. 
c) If C_ # SPEC, add .6ns/pF if C_> Cspec, subtract .3ns/pF (from modified delay) if CL < Cspec. 
—| toc |< 5. taw = 2 tcy -tp3 -trg2 -140nsec. 
HLDA Tm 6. toW=tcy -tD3 -trg2 -170nsec. 
7. If not HLDA, twp = tWA = tpg + tro2 +10ns. If HULDA, twp = twa = twe.- 
8. tHE = tp3 + trg2 -5Ons. 
9. twr = tpg + trg2 -10ns 
10. Data in must be stable for this period during DBIN -T3. Both tos; and tpg2 must be satisfied. 
11. Ready signal must be stable for this period during T2 or Ty. (Must be externally synchronized.) 
12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during T3, T4, Ts 
and TwH when in hold mode. (External synchronization is not required.) 
13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 


INT 


INTE 
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8080A 


INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed !/O provided 
for in the 8080A instruction set. 


The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


same format. 


[D; De De: Dg De (Ds Ds Do| 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


: 


Dz Dg Ds Dg D3 D> Dy Dg | OP CODE 


Two Byte Instructions 


Dy Dg Ds Dg D3 D> Dy Dg | OP CODE 
D7 Dg Ds D4 D3 Dz Dy Do | OPERAND 


Three Byte Instructions 


Dz Dg Ds Dg D3 Dy Dy Dg| OP CODE 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


D7 Dg Ds D4 Dz D> D, Do | LOWADDRESSOR OPERAND 1 
D> Dg De Dg D3 D> D; Dg} HIGHADDRESS OR OPERAND 2 


For the 8080A a logic “1” is defined as a high level and a logic ‘‘0’’ is defined as a low level. 
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8080A 


8080 INSTRUCTION SET 


Summary of Processor Instructions 


instruction Code{1} Clock{2} Instruction Codef!} Clock(2] 
Mnemonic Description D7 Og O5 Dg Dz Dz Dy Oo Cycles | Mnemonic Description D7 De Ds O4 Dg Do Dy; Do Cycles 
MOVE, LOAD, AND STORE 
MOVr1,r2 Move-register toregistee 0 10 DOS S$ § 5 JPO Jump on parity odd YT) A Be OD ak AG 
MOV M,r Move register tomemory 0 1110S 8 § 7 PCHL H & L to program tO A Qe SE OF. ss a 5 
MOV r,M Move memory toregister 0 1000 1310 7 counter 
MVI r Move immediate register 0 0D DOD 41441 é=0 7 CALL 
MVI M Move immediate memory 0 0 1 1 0141 0 = #10 CALL Call unconditional Tn A 4 A Fy Sh 17 
LX! B Load immediate register 0 00 000 0 1~ «10 CC Call on carry sie i | oma ca eG 6 a am a 
PairB&C CNC Call on no carry 1 OE) Oe SF) AE AOS, Oe” 7 
LX! D Load immediate register 0 0 0 10 0 0 1 10 CZ Call on zero 4 Sh Say as re ae 
Pair D&E CNZ Call on no zero 1) Oe TOs Oi Se ee? 
LX1H Load immediate register 0 0 10 00 0 1 10 cP Call on positive Hi 4% <i) Ae 2 Et TO he A? 
PAE CM Call on minus ie AP a As SE OO ae 
STAX B store Aindirect By De DO I AO AC Dot * ae pe Call on parity even PA Oe Fi Aa OT 
: ae ae : ; CPO Call on parity odd fe ots A OA Ar Os Oe ee 
LDAX D aa A nae Ors Oe We oO he 3D rd oe 
bp gnc RET Return fot Oe AO. HO 
STA Store A direct OO fot Org: 1 Q 13 . 
RC Return on carry 1) oF Oe 1 Te 0 0. Oe 1 
LDA Load A direct OQ) ae 1A ee a 8 RNC negra anti a oe oe ae eee 
SHLD Store H & L direct 00100010 6 |. es i ahi ae eee ee 
LHLD Load H & L direct OO FO oO Fd 6 
RNZ Return on no zero 1 Re oe BE a COE PS Saye) 
XCHG ExchangeD& EH&L 15 Or oe 9 4 Rp =a 
Registers Return on positive Te a ae dle al? i os Oi: Baar 
RM Return on minus Te ie (Me Oh Cle 20S OP sar “S144 
K OPS 
STAC . RPE Return on parity even Pe Oe oO OL BAT 
PUSH B Push register PairB& 1 1 0 0 0 | 0 1 11 RPO Return on parity odd 1 1 1 000 0 0 5/11 
C on stack 
PUSH D Push register Pair D & Eo Wet. He. 230 Tey RESTART 
PUSH H Push register Pair H & Pk ot O40. PO. INCREMENT AND DECREMENT 
L on stack INR r Increment register OO: Bo. Oe Ai “Or. 
PUSH PSW Push A and Flags He SOs GW SQ. ali S@)) oh) DCR r Decrement register 0:0) De SO SBe Ae Oe A 25 
ae INR M Increment memory 00). As 420 41-0 30” 10 
POP B ee Pair B& be De A 10 DCR M Decrement memory Oe i eG Oe AL 
INX B Increment B & C DreGe Be oG oOe 10. ie a 5 
POP D Pop register Pair D & ti ee a tO Be a 10 : 
E off stack PEQIGIETS 
POP H Pop register Pair H & 141100001 19 | INXD ere MERE ee ee ee 
L off stack perlels 
POP PSW Pop A and Flags Te Shi aT Se = 10 INX uIgrement aoe oy le Se UO? ole : 
off stack registers 
stack. H&L DCX D Decrement D&E 0001 10 1 4 5 
SPHL H & L to stack pointer | aa ee es (Se (a DCX H Decrement H & L OO ots Qe TQS Tih” 3 
LX! SP Load immediate stack OO T te OO Dy 20 ADO 
pointer ADD r Add register to A 11 FOS 102 0. eS: Get Ss ud 
INX SP Increment stack pointer OO Th a ae Ole 4 ) ADC r Add register to A 1-02 Wh 2G. oe 4S ES 4 
DCX SP Decrement stack Qo Oe ee Bie Fi Oe th 5 with carry 
pointer ADD M Add memory to A 105 oO De! ae 2 0 rs 
JUMP ADC M Add memory to A BeOe OP Be Th a ae 7 
JMP Jump unconditional jes Ok) ne ee | sc |) with Carry — 
JC aiaee care 44) Ge At A. Oe 10 ADI Add immediate to A Ot Oe ty ah, 7 
P y ACI Add immediate to A 110011 0 7 
JNC Jump on no carry oes a ie © a 0 a @ 0) with carry 
JZ Jump on zero POP Oe de Gt O18 DAD B Add B&CtoH&L 0000100 1 = 10 
JNZ Jump on no zero Pe DEO OeQe lt Qe 4g DAD D Add D&EtoH&L 0001100 1 = «410 
JP Jump on positive WD A SOs Oe ae at DAD H AddH&LtoH&L OO 1B AO 0 
JM Jump on minus Bod a eee te 0 DAD SP Add stack pointer to 0: SO A a a 20-20. iY “0 
JPE Jump on parity even Lee Oe st 0. 8 210 H&L 


NOTES: 1. DDD or SSS: B 000. C 001. D 010. E 011. H 100. L 101. Memory -110. A 111. 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags. 
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8080A 


8080 INSTRUCTION SET 


Summary of Processor Instructions (Cont.) 


Instruction Code[}} Clock{2] 
Mnemonic Description 07 Dg O5 D4 O3 De Dy Oo Cycles 
SUBTRACT 
SUB r Subtract register 1 O08 Ae SS SS 4 
from A 
SBB r Subtract register from fOr Ob - EUS SS. 
A with borrow 
SUB M Subtract memory 10 Oy 0. A 0 7 
from A 
SBB M Subtract memory from 10011 1 «1 =~0 7 
A with borrow 
SUI Subtract immediate 1 10 1 0 1 1 «0 7 
from A 
SBI Subtract immediate 110 14 4 141 1 ~=~0 7 
from A with borrow 
LOGICAL 
ANA r And register with A 1 0100s 8 § 4 
XRA Exclusive Or register ee 0 ee Le 6 Nee aS Sr 4 
with A 
ORA r Or register with A 1:07 1-0 -S.-8 5 4 
CMP r Compare register withA 10 114185 8 § 4 
ANAM And memory with A 1, OPT eDe lh ches 7 
XRA M Exclusive Or memory qe! 0. ea a ae v4 
with A 
ORAM Or memory with A 10 Te oF tO 7 
CMP M Compare memory withA 1 0 1 141 1 41 1 0 =7 
ANI And immediate with A be at: 0 2° a 8 7 
XRI Exclusive Or immediate Tet) Die ok ae i) 7 
with A 
ORI Or immediate with A : Ae Sm Se eee as Fa 
CPI Compare immediate a Ses Oe a Se © 
with A 
ROTATE 
RLC Rotate A left 000001 1 1 4 
RRC Rotate A right OQ 02 30° ae A oh 4 
RAL Rotate A left through OO. Or <4 OTe 4 
carry 
Rotate A right through 00011 1 1 ~=4 4 
carry 
Complement A O Oe Oe Te toa 4 
Set carry 00 1 10 1 1 ~=+41 4 
Complement carry OO oh a. a oT Sd 4 
Decimal adjust A 00100 1 1 +1 4 
INPUT/OQUTPUT 
IN Input A Sh hott te A 
OUT Output 1 4.04) Oe o 2S 10 
CONTROL 
El Enable Interrupts Wed. ee a oe A al 4 
DI Disable Interrupt bk Sir Ge EOE aie al 4 
NOP No-operation 00000000 4 
HLT Halt 01110 1 41 «0 7 
NOTES: 1. DDD or SSS: B=000. C=001. D=010. E=011. H=100. L=101. Memory=110. A=111. *All mnemonics copyright 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags. ¢Intel Corporation 1977 
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8080A-1 


SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


The 8080A is functionally and electrically compatible with the Intel® 8080. 


TTL Drive Capability m Sixteen Bit Stack Pointer and Stack 
: Manipulation Instructions for Rapid 
1.3 us Instruction Cycle Switching of the Program Environment 
m= Powerful Problem Solving w Decimal,Binary and Double 
Instruction Set Precision Arithmetic | 
= Six General Purpose Registers = Ability to Provide Priority Vectored 
and an Accumulator Interrupts 
m= Sixteen Bit Program Counter for m 512 Directly Addressed 1/0 Ports 
Directly Addressing up to 64K Bytes 
of Memory 


The Intel® 8080A is acomplete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 


The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. | 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and 1/O are pro- 
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 


D,-D 
8080A CPU FUNCTIONAL BIS BIRECTIONAL 
BLOCK DIAGRAM DATA BUS 

DATA BUS 


BUFFER/LATCH 
(8 BIT} (8 BIT) 
INTERNAL DATA BUS INTERNAL DATA BUS 
INSTRUCTION 5 


REGISTER (8) Pet MULTIPLEXER 


| 


ACCUMULATOR 
(8) 


| W (8) 2 (8) 
TEMP REG. TEMP REG. 
ACCUMULATOR B (8) C (8) 
LATCH (8) REG REG 
D (8) E (8) 
REG. REG 
H (8) L (8} REGISTER 
REG. REG. ARRAY 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


L 


ADDRESS BUFFER 


DECIMAL 
ADJUST 


TIMING 
AND 


CONTROL 


POWER | ——® +12V 
SUPPLIES | ——» +5y DATA BUS INTERRUPT HOLD 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 


meee yt tT uy 


WR DBIN INTE INT HOLD HOLD WAIT o10452 RESET 
READY 


WAIT 


15 7 
ADDRESS BUS 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 
Storage Temperature ............... 
All Input or Output Voltages 


0°C to+70°C 
-65°C to +150°C 


Ce ee | 


With Respect to Veg ...........-5- -0.3V to +20V 
Vcc, Vop and Vsg With Respect to Veg -0.3V to +20V 
Power Dissipation .................000000 05 1.5W 


D.C. CHARACTERISTICS 


“COMMENT. Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Ta =0°C to 70°C, Vpp = +12V + 5%, Voc = +5V + 5%, Veg = -5V + 5%, Vg = OV, Unless Otherwise Noted. 


Symbol Parameter Min. Typ Test Condition 
Vie Clock Input Low Voltage Veet | | Megt0.8] Ve | 
ViHC Clock Input High Voltage 9.0 
Vin Input Low Voltage _ | Vgs-1 | | Vggt.8) Vv | 
Vin Input High Voltage Vect1 V 
Vee Output Low Voltage — O46 Ve pe cries Siroatauts: 
VoH Output High Voltage et ie ke loH = 150uA. 
Ipbp (av) | Avg. Power Supply Current (Vpp) ff 40 | 70 | oma | : 
ceinvi | Ava Power Supp Gurent(Vec) | | a0 | 80 | ma | OPeaton 
IgB (av) | Avg. Power Supply Current (Vpp) rd 
hie | Input Leakage oe Vss < Vin S Vee 
Ip, [21 Data Bus Leakage in Input Mode -100 LA Vss S Vin <Vgs + 0.8V 
| ne0y (|| OS. | NeceOey <eVin Nee 
Address and Data Bus Leakage +10 uA VADDR/DATA = Vcc 
During HOLD -100 


CAPACITANCE 
T, = 25°C 


Vcc = Vpop = Vss = OV, Veg = -5V 


NOTES: 


1. The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and Viqy > Vj} an internal active pull up will 
be switched onto the Data Bus. 

3. Al supply / AT, = -0.45%/°C. 
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Test Condition 
f. = 1 MHz 
Unmeasured Pins 


Returned to Vss 


VADDR/DATA = Vss + 0.45V 


TYPICAL SUPPLY CURRENT VS. 


TEMPERATURE, NORMALIZED. [3] 
5 


—_ 


r 


.O 


SUPPLY CURRENT 


ad 


5 
0 +25 


+50 +75 


AMBIENT TEMPERATURE (°C) 


DATA BUS CHARACTERISTIC 
DURING DBIN 


Se 
S 
ay 
G 
= 


8080A-1 


A Cc C H AR ACTE R | STl C S CAUTION: When operating the 8080A-1 at or near full speed, care must be taken to assure precise timing compatibility 
a s 


between 8080A-1, 8224 and 8228. 


Ta =0°C to 70°C, Vop = +12V + 5%, Vec = +5V + 5%, Veg = -5V + 5%, Vgg = OV, Unless Otherwise Noted 


Symbol Parameter Min. Test Condition 
tcey!3]_ | Clock Period 
tr, ts Clock Rise and Fall Time 


to1 $; Pulse Width 
to2 $2 Pulse Width nsec 
to1 Delay ¢; to $2 


co 
as 
_ 
am 
| | nsec 
= 
Ped 
=! 
0 
0 
30 


nsec 


= 
oar 
—_ 


toa [2] | Address Output Delay From 
DA p y $2 C, = 50pf 
tpp [2] | Data Output Delay From ¢ nsec 
tpc!2] | Signal Output Delay From 44, or 62 (SYNC, WR,WAIT, HLDA) nsec 
C, = 50pf 
tog [2] | DBIN Delay From ¢5 


tp,!1] . | Delay for Input Bus to Enter Input Mode 


tos1 Data Setup Time During ¢, and DBIN | to] | nsec 


TIMING WAVEFORMS'"#! (Note: Timing measurements are made at the following reference voltages: CLOCK “1” = 8.0V 
“O" = 1.0V; INPUTS 1" = 3.3V, “0” = 0.8V; OUTPUTS ‘'1" = 2.0V, “0” = 0.8V.) 


<< ey —P 1 toy + 
mt tot 


Oy \ 


—| toc |+— 


DBIN 


READY 


WAIT 


HOLD 


HLDA 


INT 


INTE 
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A.C. CHARACTERISTICS (Continued) 
Ta = 0°C to 70°C, Vpp = +12V + 5%, Vec = t5V + 5%, Veg = -5V + 5%, Vgg = OV, Unless Otherwise Noted 


ese _ | Brn Seon Tne 9 Owig ON ae | fe 

out [ Dan Ht Tie From bs Ourrg ba | Ya 

tie[2] | INTE Output Delay From ¢5 || 200 | nsec | C. = 50pf 
tas READY Setup Time During $5 90 | | nsec | 

fife HOLD Setup Time to $5 | 120] [nsec | 

it Hee From tea usr 8 | 

tep Delay to Float During Hold (Address and Data Bus) Pod 120 

tawl2] | Address Stable Prior to WR 

tpwl2] | Output Data Stable Prior to WR tel 

twol2] | Output Data Stable From WR 

twal2] | Address Stable From WR (7] C_ = S0pf: Address, Data 


CL =50pf: WR, HLDA, DBIN 


tyel2] | HLDA to Float Delay 
twe [2] | WR to Float Delay 


tan [21 | Address Hold Time After DBIN During HLDA 


NOTES: 


1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tDOH = 5Ons or tor, whichever is less. 


2. Load Circuit. 
Oy +5V 


9 
2.1K 
8080A 
OUTPUT 
ee 


N SEC 


I =, 

ie] et 

(o) 
Sf Sls bese ics 
o'o | 4/8/8318 
917O |; ALaAlATS 


- 
oa eee twa 3. tcy = tpg t tre2 + tea + teg2 + to2 + tro1 > 320ns. 
Ly 
fee a See ae TYPICAL A OUTPUT DELAY VS. A CAPACITANCE AS 
DD, Fem toe is +20 : = 
os fi 7 t 7) S 
7 ~_[ wo 2 ES 
SYNC | q “to 
taH O 
ee 
DBIN 5 
= 
sae 3-10 
4 


toc -100 -50 0 +50 +100 
READY \ CAPACITANCE (pf) 
- t (Cactuat ~ spec) 
HF 
ad 4. The following are relevant when interfacing the 8080A to devices having ViH =3.3V: 
a) Maximum output rise time from .8V to 3.3V = 100ns @ C,_ = SPEC. 
HoLp & b) Output delay when measured to 3.0V = SPEC +60ns @ C, = SPEC. 
c) If CL # SPEC, add .6ns/pF if CL> Cspec, subtract .3ns/pF (from modified delay) if Ci <CspeEc. 
5. taw = 2 tcy -tp3 -trg2 -110nsec. 
HLDA = 6. tow=tcy -tp3 -trg2 -150nsec. 
7. tf not HLDA, twp = twa = tog + tre2 +10ns. If HLDA, twp = twa = twe. 
8. tHF = tog + trg2 -5Ons. 
— 9. twF = tpg + trg2 -10ns 
INT 10. Data in must be stable for this period during DBIN ‘T3. Both tps; and tps2 must be satisfied. 
11. Ready signal must be stable for this period during Tz or Ty. (Must be externally synchronized.) 
ora aes 12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during T3, Ta, Ts 
and TwH when in hold mode. (External synchronization is not required.) 
INTE 77 13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 


— | recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


= TTL Drive Capability = Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 


= 1.5 us Instruction Cycle Switching of the Program Environment 


=™ Powerful Problem Solving ™ Decimal,Binary and Double 
Instruction Set Precision Arithmetic 

= Six General Purpose Registers = Ability to Provide Priority Vectored 
and an Accumulator Interrupts 

# Sixteen Bit Program Counter for ™ 512 Directly Addressed I/O Ports 
Directly Addressing up to 64K Bytes 
of Memory 


The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LS! chip using Intel’s 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 


The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 


The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and 1/O. Signals to control the interface to memory and |/O are pro- 
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 


8080A CPU FUNCTIONAL BLOCK DIAGRAM D,-Dg 


BI- DIRECTIONAL 
BUS 


DATA BUS 
BUFFER/LATCH 
(8 BIT) (8 BIT) 
INTERNAL DATA BUS | INTERNAL DATA BUS 


| WwW (8) 
| 
LATCH (8) 


z 
c 
Bg REG REG 
INSTRUCTION E 
DECODER 
AND 
MACHINE 
CYCLE 
ENCODING 


(8) 
B (8) (8) 
D (8) (8) 
REG. REG 
H (8) (8) 
DECIMAL 
ADJUST 


ACCUMULATOR 
(8) 


L REGISTER 
REG. REG. ARRAY 
(16) 
STACK POINTER 
(16) 
PROGRAM COUNTER 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


REGISTER SELECT 


TIMING 


AND 
CONTROL 


ADDRESS BUFFER 
SUPPLIES | ——» +5V DATA BUS INTERRUPT HOLD WAIT . 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 
—., -5V 
——» GND { i | 
WR DBIN INTE INT HOLD HOLDWAIT SYNC /1 /2 RESET Aye Ay 
ACK DY a8 
ADDRESS BUS 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............... 0°C to+70°C “COMMENT: Ss tresses above those listed under "Absolute Maxi- 
Storage Temperature ............... -65°C to +150°C mum Ratings may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 

All Input or Output Voltages : ss Doe : 
; Vv vice at these or any other conditions above those indicated in 
With Respect to Ves ESTER RAN R tiie eS -0.3V to +20 the operational sections of this specification is not implied. Ex- 
Vcc, Vop and Vsg With Respect to Vgg -0.3V to +20V posure to absolute maximum rating conditions for extended 

Power Dissipation ....................-002. 1.5W periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = OC to 70°C, Vpp = +12V + 5%, Voc = +5V + 5%, Vag = -5V + 5%, Vgs = OV, Unless Otherwise Noted. 


Symbol Parameter in. : : Test Condition 
——_—_ SEO er 

Vite Clock Input Low Voltage 

Vinc Clock Input High Voltage 

a 

Vin | Input Low Voltage 

ViH Input High Voltage 
Sea ee | 

VoL Output Low Voltage L | 0.45 V lo. = 1.9mA on all outputs, 

Vac Output High Voltage <a ae V~ |} lon = 150uA. 

lbp (av) | Avg. Power Supply Current (Vpp) , 40 70 mA 

| Avg. Power Supply Current (Voc) | 60 | 80 . a eee 

; u 

cc (av) | Avg. Power Supply cc oe Toy = .38usec 

Igp (av) | Avg. Power Supply Current (Vgg) 01 1 mA 
LR a ia naan | 

lie Input Leakage 7 +10 UA Vss < VIN < Vec 

len Clock Leakage +10 LA Vss < Vetock < Vpp 

Ipz [21 Data Bus Leakage in Input Mode -100 LA Vss S Vin SVes + 0.8V 

Vss +0.8V <Vins <Vec 


Address and Data Bus Leakage 


VADDR/DATA = Vcc 
During HOLD 


VADDR/DATA = Vsg + 0.45V 


CAPACITANCE 


TYPICAL SUPPLY CURRENT VS. 
T, = 28°C Voc = Vp = Veg = OV, Vap =-5V TEMPERATURE, NORMALIZED. [3] 


& 
S 
oy 
Ss 
= 


Test Condition 
f. = 1 MHz 


[—rewmne—[ te [ee | on 
Frost onscinee [6 [10 | ot 
Output Capacitance 


Unmeasured Pins 


SUPPL Y CURRENT 
° 


Returned to Vss 


NOTES: 
1. The RESET signal must be active for a minimum of 3 clock cycles. 6 +25 +50 +75 
2; When DBIN is high and Viny > ViH an internal active pull up will AMBIENT TEMPERATURE (°C) 

be switched onto the Data Bus. 


3. Al supply / AT, = -0.45%/°C. 


DATA BUS CHARACTERISTIC 
DURING DBIN 


MAX 
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8080A-2 


A.C. CHARACTERISTICS 
Ta =0°C to 70°C, Vpp = +12V + 5%, Vcc = t5V + 5%, Veg = -5V + 5%, Vgg = OV, Unless Otherwise Noted 


2 
nse 


Symbol Parameter Test Condition 


tcy[3] | Clock Period 


NO 
a] 


t,, tr Clock Rise and Fall Time nsec 

tot ¢, Pulse Width | 60 | | nsec | 
to2 > Pulse Width 175 | | nsec 
to1 Delay $1 to $2 [0 | | nsec | 
tp2 Delay $2 to ¢ 70 | | nsec | 
to3 Delay $1 to ¢2 Leading Edges | 70 | | nsec | 
tpa [2] | Address Output Delay From ¢2 oe 175 


tpp [2) | Data Output Delay From $9 


toc [2] | Signal Output Delay From $y, or $2 (SYNC, WR.WAIT, HLDA) 
tpg [2] | DBIN Delay From ¢2 


tp, !1) Delay for Input Bus to Enter Input Mode 


tos1 Data Setup Time During ¢; and DBIN 


NO 
0 NO 
nN oO 
5 a 
® | o 
Q (o) 
?) 
rm 
1 
ol 
(>) 
T 
~h 


nsec 


TIMING WAVEFORMS!"4) (Note: Timing measurements are made at the following reference voltages: CLOCK “1” = 8.0V 
“QO” = 1.0V; INPUTS “1” = 3.3V, “0” = 0.8V; OUTPUTS “1" =2.0V, “0” = 0.8V.) 


+ tey —___—> —*\to1/— 
| = ty 
— 
Oy \ 
J 
2 f | N N f N 
j~<«-to3 > —>| tor j< 
A 
ee : ss es | | 
~> {pata in 4 pape OUT 
D,-Dy —_ ae oe GP ae en a al . fal ES a —_ an cap — | 
—| tosi |*— || tow 
SYNC tps2-> 
— toc ~<—_— —?| toc | 
DBIN : | 
=a ot 
WR 
READY ‘oe ih’ 'o) 
tas |*+— 'rs ‘pc ans 
WAIT ty —>| |< 
toc —~ _ thy ei [we - 
HOLD ‘cob Gl 
an a | 
— >"! tus 
HLDA 
INT A 3 | 
Us 
thy —w le 
INTE 
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8080A-2 


A.C. CHARACTERISTICS (Continued) 
Ta = 0°C to 70°C, Vpp = +12V + 5%, Vec = +5V + 5%, Veg = -5V + 5%, Veg = OV, Unless Otherwise Noted 


oh [Daa Tine From a Oungoa | | [we 

tye (2) INTE Output Delay From $9 | 200 | nsec | C_ = 50pf 

trs READY Setup Time During $5 | 90 | | nsec | 

tie HOLD Setup Time to ¢5 120 | nsec | 

tis INT Setup Time During $2 (During 4; in Halt Mode) | 100} | nsec | 

tH Hold Time From $9 (READY, INT, HOLD) | 0 | | nsec | 

tep Delay to Float During Hold (Address and Data Bus) Lo 120 

tawl2] | Address Stable Prior to WR | gs | | nsec | 

tpw!l2! | Output Data Stable Prior to WR | te) | | nsec | 

twp[2] | Output Data Stable From WR im | | nsec | 

twal2] | Address Stable From WR (7] pf msec eee eee ewok 

ty| [2] HLDA to Float Delay ts | | nsec | : ) 
gel) WR to Float Delay Leb nsec 

tay [2] | Address Hold Time After DBIN During HLDA -20 —_ nsec 


NOTES: 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tOH = 50 ns or tor, whichever is fess. 

2. Load Circuit. 


oy 
> 
, 8080A 
OUTPUT 
+ “ 
AisAo t 
3. tcy = tp3 + tre2 + to2 + teg2 + to2 + trg1 > 380ns. = 
hey 
TYPICAL A OUTPUT DELAY VS. A CAPACITANCE S 
S 
D7-Dy - f 
< s 
SYNC | f 2 
rr 
tan fas) 
ke 
fF 
5 
ca | 


-100 -50 0 +50 +100 


READY 3 CAPACITANCE (pf) 
(Cactuat ~ Cspec! 
WAIT 4. The following are relevant when interfacing the 8080A to devices having Vj} = 3.3V: 


a) Maximum output rise time from .8V to 3.3V = 100ns @ Cy = SPEC. 
b) Output delay when measured to 3.0V = SPEC +60ns @ C,_ = SPEC. 
HOLD = c) If CL # SPEC, add .6ns/pF if Ci > CgpeEc, subtract .3ns/pF (from modified delay) if CL < Cspgc. 
5. taw = 2 tcy -tp3 -trg2 -130nsec. 
6. tow =tcy -tD3 -trg2 -170nsec. 
HLDA = 7. If not HLDA, twp = twa = tog + tre2 +10ns. If HLDA, two = twa = twe. 
8. tHF = tpg + trg2 -5Ons. 
9 


- tWF = tpg + t-g2 -10ns 


INT ce 10. Data in must be stable for this period during DBIN ‘T3. Both tos1 and tpg2 must be satisfied. 
11. Ready signal! must be stable for this period during Tz or Tw. (Must be externally synchronized.) 
12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during T3, T4, Ts 
and Twu when in hold mode. (External synchronization is not required.) 
13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
INTE 


recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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My, 
; </> 
intel M8080A ‘ey > 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 9 “Cyp 


The M8080A is functionally compatible with the Intel® 8080. 


= Full Military Temperature Range = Sixteen Bit Stack Pointer and Stack 
—55°C to +125°C Manipulation Instructions for Rapid 


= +10% Power Supply Tolerance Switching of the Program Environment 


= 2 us Instruction Cycle = Decimal,Binary and Double 


Weg at ght 
= Powerful Problem Solving Precision Arithmetic 


Instruction Set = Ability to Provide Priority Vectored 
t 
= Six General Purpose Registers ee : 
and an Accumulator =» 512 Directly Addressed I/O Ports 
= Sixteen Bit Program Counter for = TTL Drive Capability 
Directly Addressing up to 64K Bytes 
of Memory 


The Intel M8080A is acomplete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The M8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 

The M8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the M8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to’ simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and 1/O. Signals to control the interface to memory and I/O are pro- 
vided directly by the M8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 


DATA BUS 
BUFFER/LATCH Ff 


(8) 
LATCH (8) a 


INSTRUCTION § 
DECODER 
AND 
MACHINE 
CYCLE 
ENCODING 


(16) 
PROGRAM COUNTER 
INCREMENTER/DECREMENTER 


TIMING 
AND 
CONTROL 


(16) 
DATA BUS INTERRUPT HOLD ADDRESS BUFFER 
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M8080A 


ABSOLUTE MAXIMUM RATINGS* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature ............... 
All Input or Output Voltages 


= 2 = © @ © © ee we ew ele 


With Respect to Veg ...........-.. -0.3V to +20V 
Vec, Vop and Vss With Respect to Veg -0.3V to +20V 
Power Dissipation .................0.000004 1.7W 


*COMMENT: Stresses above those listed under ‘Absolute Maxi- 
mum Ratings’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


D.C. CHARACTERISTICS 


Ta = -58°C to +125°C, Vpp = +12V +10%, Voc = +5V +10%, Veg =-5V +10%, Veg = OV, Unless Otherwise Noted. 


Symbol Parameter Test Condition 
Vitc Clock Input Low Voltage 
Vic Clock Input High Voltage 
ViL | Input Low Voltage 
Vin Input High Voltage 
VoL Output Low Voltage —— 0.45 V lo. = 1.9mA on all outputs, 
VOH Output High Voltage a a ae a lon = TSOHA. 
lop (av) | Avg. Power Supply Current (Vpp) — | 50 | 80 | mA 
eciay) | Ava Power Supply Gurert(Vec! | | 60 | 700 | ma |rOPmavon 
lig | Input Leakage | Tt ona | Vss S Vin SVec 


Ip, [2] Data Bus Leakage in Input Mode 


Address and Data Bus Leakage 
During HOLD 


CAPACITANCE 
= 25°C 


Vec = Vop = Vss = OV, Ves =-5V 


Clock Capacitance 
Input Capacitance | 6 


NOTES: 


1. The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and Vijyy > Vjy an internal active pull up will 
be switched onto the Data Bus. 

3. Al supply / AT, = -0.45%/°C. 


Vss S Vin SVos + 0.8V 
Vss +0.8V<Vin <Vec 


VADDR/DATA = Vcc 
VADDRIDATA = Vss + 0.45V 


TYPICAL SUPPLY CURRENT VS. 


TEMPERATURE, NORMALIZED, [3] 
1.5 


Test Condition 
f. = 1 MHz 


= 
—) 


Unmeasured Pins 


2 
a 


SUPPLY CURRENT 


Returned to Vss 


-55 +50 +125 


AMBIENT TEMPERATURE (°C) 


DATA BUS CHARACTERISTIC 
DURING DBIN 
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S 
S 
oy 
S 
= 


M8080A 


A.C. CHARACTERISTICS 
Ta = -55°C to +125°C, Vpp = +12V £10%, Vec = +5V +10%, Veg = -5V +10%, Vss = OV, Unless Otherwise Noted. 


tey!3] | Clock Period 
“ty. tp | Clock Rise and Fall Time | 0 | 50 | nsec | 
io PubewathSSS* CS 
to2 > Pulse Width | 220 | | nsec | 
ion [Davey SSS 
ion [eaveat0m S| 
“tos [Belay wz eating tees ———SSSCSCS~dCiO i 
etl Sigal Output Daly From organ WwATTACON | | 10 [noe 
i) | Day fr put uso ErerinputNose |= tr | ve 
tps1 Data Setup Time During ¢, and DBIN | 30 | | nsec 


TIMING WAVEFORMS [14] (Note: Tim:ig measurements are made at the following reference voltages: CLOCK ‘‘1"’ = 7.0V, 
“O’ = 1.0V; INPUTS “1” = 3.0V, “0” = 0.8V; OUTPUTS “1” = 2.0V, “0” = 0.8V.) 


<_— “tcy = — | toy | 


4 


| 


2 


-_ = 


Ais-Ag i cai oa 
toa> 


<— top> —~| tor |< 


DATA OUT 


— | toc I+ —| toc |+— 


DBIN 


READY 


WAIT 


HOLD 


HLDA 


INT ES) 


INTE 
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M8080A 


A.C. CHARACTERISTICS (Continued) 
Ta = -55°C to +125°C, Vpp = +12V +10%, Voc = +5V +10%, Veg = -5V £10%, Ves = OV, Unless Otherwise Noted. 


Symbol Parameter Unit Test Condition 


tps2 Data Setup Time to ¢2 During DBIN 
toy !1! | Data Hold Time From $2 During DBIN 


nsec 


nsec 


as ooh 
a= |W 


tye [2] INTE Output Delay From ¢9 200 | nsec C. = 50pf 
trs READY Setup Time During $9 nsec 
tus HOLD Setup Time to ¢9 nsec 


tis INT Setup Time During $2 (During $1 in Halt Mode) 


— 
NO 
Oo 


nsec 
nsec 


130 | nsec 


ty Hold Time From @9 (READY, INT, HOLD) 

tep Delay to Float During Hold (Address and Data Bus) 
tawl2] | Address Stable Prior to WR 

tpw!2] | Output Data Stable Prior to WR [6] 
twp!2] | Output Data Stable From WR 
twal2] | Address Stable From WR 


nsec 


= 


nsec 


nsec 


— 
~~ 


nsec C_ =50pf 


typ [2] HLDA to Float Delay 
twe [2] | WR to Float Delay 


tayl2] | Address Hold Time After DBIN During HLDA 


nsec 


nsec 


| 
NO 


nsec 


NOTES: 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tDOH = 50 ns or tor, whichever is less. 

2. Load Circuit. 


4 +5V 
$ 
2 M8080A 
OUTPUT 
—>| to le— 
ao” 
NigAyp OF 


3. tcy =tpo3 + trp2 + to2 + t#o2 +tp2t+ trp > 480ns. a 


~. TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 
D,D, - 
SYNC 
ts 
oe y 
J ‘we 


toc 
EADY 3 CAPACITANCE (pf) 
(Cactuar ~ Cspec! 
WAIT : : ; : : 
4. The following are relevant when interfacing the M8080A to devices having ViH = 3.3V: 


a) Maximum output rise time from .8V to 3.3V = 100ns @ C, = SPEC. 
HOLD b) Output delay when measured to 3.0V = SPEC +60ns @ Cy = SPEC. 
c) If CL # SPEC, add .6ns/pF if Cy > Cgpgc, subtract .3ns/pF (from modified delay) if Cy < CspEc. 
ee 


5. tAW = 2 tcy -tD3 -tre2 -140nsec. 
HLDA 6. tow=tcy -tp3 -tro2 ~170nsec. 
7 
8 


\ OUTPUT DELAY (ns) 


. If not HLDA, twp = twa = tp3 + tro2 +10ns. If HLDA, twp = twa = twe.- 
- tHE = tpo3 + trg2 -5Ons. 
— 9. tWF = tog t+ trg2 -10ns 
IT 10. Data in must be stable for this period during DBIN -T3. Both tog1 and tps must be satisfied. 
11. Ready signal must be stable for this period during Tz or Ty. (Must be externally synchronized.) 


«tye 12. Hold signal must be stable for this period during T2 or Ty when entering hold mode, and during T3, Tg, Ts 
- and TwH when in hold mode. (External synchronization is not required.} 
INTE 13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
—/ 


recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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Ms080A 


INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the M8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed !/O provided 
for in the M8080A instruction set. 


The following special instruction group completes the 
M8080A instruction set: the NOP instruction, HALT to stop 
processor execution and the DAA instructions provide deci- 
mal arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


same format. 


D7 Dg Dg D4 D3 Do Dy Do| 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


Dj Dg Ds D4 D3 Dz Dy Do} OP CODE 


: 


Two Byte Instructions 


D7 Dg Ds D4 Dz Dz D, Dy | OP CODE 


Dz Dg D5 Dg D3 Dz Dy Dg | OPERAND 


Three Byte Instructions 


Dz Dg Ds D4 D3 Dy Dy Dg | OP CODE 


D> Dg Ds Dg D3 Dz D, Do | LOWADDRESSOR OPERAND 1 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


D7 Dg Ds D4 D3 Dy Dy Do | HIGH ADDRESS OR OPERAND 2 


For the M8080A a logic ‘1”’ is defined as a high level and a logic ‘‘0" is defined as a low level. 
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intel 
8224 


~ CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


= Single Chip Clock Generator/Driver = Oscillator Output for External System 
for 8080A CPU Timing 

™ Power-Up Reset for CPU = Crystal Controlled for Stable System 

@ Ready Synchronizing Flip-Flop Operation 

= Advanced Status Strobe m™ Reduces System Package Count 


The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by 
the designer, to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready. 


The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing 
for 8080A. 


PIN CONFIGURATION BLOCK DIAGRAM 


XTAL1 
XTAL2 


RESET[ 11 161 _] Vec fi3> TANK 


RESIN[ $2 15f | XTAL1 


RDYIN[ 93 147 | XTAL2 b> 

READY| 44 137 | TANK 
d9(TTL)[6 > 

SYNC{ J5 12] | osc 
¢, (TTL Te vif [> sync stsTB [7 > 

STSTB[ 47 10f | ¢2 

{2 > RESIN 
GND[ [8 91 | Ypp SCHMITT 


INPUT RESET [i> 


[23> RDYIN READY [4 > 


PIN NAMES 

RESIN RESET INPUT XTAL 1 CONNECTIONS 

RESET RESET OUTPUT L XTAL 2 FOR CRYSTAL 
| TANK USED WITH OVERTONE XTAL 
| osc OSCILLATOR OUTPUT 
$2 (TTL) $2 CLK (TTL LEVEL) 

(ACTIVE LOW) r Nee +12V 
[GND ov 


CLOCKS 


poh | bas 
ca 
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8224 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............--. 0°C to 70°C 
Storage Temperature ............-.-. —65°C to 150°C 
Supply Voltage, Vcc... ..- 2. ee ee eee —0.5V to +7V 
Supply Voltage, Vpp.....----.----: —0.5V to +13.5V 
Input: Voltage side 4 bee ee CR aw eee a ee —1.5V to +7V 
Output Currents, -2.c:¥ sak backs Saree es west 100mA 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 
Ta = O°C to 70°C; Veg = +5.0V £5%; Vpp = +12V £5%. 


Vin Input ‘High’ Voltage 2.6 V Reset Input 
2.0 All Other Inputs 
VoL Output “Low” Voltage V ($4,@2), Ready, Reset, STSTB 
lot =2.5mA 
V All Other Outputs 
lot = 15mA 
VoH Output “High” Voltage 
1 ,¢9 9.4 V low = -100HA 
READY, RESET 3.6 V lon = -100uUA 
All Other Outputs 2.4 V lon =-1mA 
Output Short Circuit Current -10 Vo = 0V 
(All Low Voltage Outputs Only) Vec = 5.0V 


Power Supply Current 


Power Supply Current 


— 
NO 


>| > > 


Note: 1. Caution, 64 and $2 output drivers do not have short circuit protection 


CRYSTAL REQUIREMENTS 


Tolerance: .005% at O°C -70°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Typ.) : 4mW 


*With tank circuit use 3rd overtone mode. 
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8224 


A.C. CHARACTERISTICS 


Vec = +5.0V + 5%; Vop = +12.0V + 5%; Ta = 0°C to 70°C 


Limits Test 
2tcy = 
tp2 $2 to o; Delay oa 14ns Ci = 20pF to 50pF 
tpe2 $2 to dz (T7L) Delay +15 @oTTL,CL=30 
R,=300 
R5=60022 
7 Ce . ” f J x 
tew STSTB Pulse Width tY _ 15ns Pp STSTB, CL=15pF 
9 R,=2K 
: R5=4K 
fsae RDYIN Setup Time to 50ns - 4tcy 2 
Status Strobe 9 
RDYIN Hold Time Atcy 
tpRH aE 
After STSTB 9 
tina RDYIN or RESIN to 4tcy _ 25ns Ready & Reset 
2 Delay 9 CL=10pF 
R,=2K 
Ro=4K 
Maximum Oscillating 
Cin Input Capacitance pF Vec=+5.0V 
Vpp=t12V 
Veias=2.5V 
f=1MHz 


TEST 
CIRCUIT 


INPUT 
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8224 


WAVEFORMS 


P2(TTL) 


SYNC 


(FROM 8080A) 


STSTB 


torH > 


tor 


READY OUT ( 


RESET OUT 


VOLTAGE MEASUREMENT POINTS: $14, $2 Logic ‘’0” = 1.0V, Logic “1° = 8.0V. All other signals measured at 1.5V. 
EXAMPLE: 


A.C. CHARACTERISTICS (For tcy = 488.28 ns) 
Ta = O°C to 70°C; Vpp = +5V +5%; Vpp = +12V £5%. 


Symbol Parameter | Min. | Typ | Max. | 

to $1 Pulse Width — 89 | fons 

tp Delay $1 to $9 0 

tp2 Delay $2 to > 95 —_+— 

tp3 Delay ¢, to @g Leading Edges 1609 P| 129 

t Output Rise Time 20 

te Output Fall Time fw fe 20 

toss $2 to STSTB Delay 296 

to 92 $2 to d2 (TTL) Delay -5 

tpw Status Strobe Pulse Width ; 40 

tporRH RDYIN Hold Time after STSTB 217 — 

fa READY or RESET 192 P| 
to do Delay 
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Limits 
: Units Test Conditions 


tcy =488.28ns 


@;, & dg Loaded to 
C, = 20 to 50pF 


Ready & Reset Loaded 
to 2mA/10pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 


M8224 
CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


w ® “Nh 
intel "apy 
"Eng 


= Single Chip Clock Generator/Driver = Oscillator Output for External System 
for M8080A CPU Timing 

= Power-Up Reset for CPU = Crystal Controlled for Stable System 

m™ Ready Synchronizing Flip-Flop Operation 

= Advanced Status Strobe ™ Reduces System Package Count 

= Full Military Temperature Range = +10% Power Supply Tolerance 


-55°C to +125°C 


The M8224 is a single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, select- 
ed by the designer, to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready. 


The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing 
for M8080A. 


PIN CONFIGURATION M8224 BLOCK DIAGRAM 
fis> XTALI 
OSCILLATOR osc [i2> 
XTAL2 
RESET [__]1 161 _] Vec fi3> TANK 


RESIN[ ]2 15 |XTAL1 


RDYIN[ 93 14 | XTAL2 , 
2 
READY[ 44 13 | TANK 
og(TTL[e > 
sync[ J5 121} osc 
a eel a [5 > sync stsTe [7 > 
ststB[ 47 101 | %2 eae 
[2 >> RESIN 
cno[ Js 91 |Ypo SCHMITT 
INPUT RESET i> 
RDYIN READY [4> 


PIN NAMES 
RESIN [ RESETINPUT | XTAL 1 qf CONNECTIONS 
RESET RESETOUTPUT | = |_XTAL2 FOR CRYSTAL | 
ROYIN | READY INPUT | TANK |__USEDWITHOVERTONE XTAL_| 
READY | READY OUTPUT | Osc | _ OSCILLATOR OUTPUT 
SYNC SYNC INPUT o2(TTL) | 2 CLK (TTL LEVEL) 
STSTB | STATUSSTB | Vee +5V 
[ (ACTIVE LOW) Wan T4412 
oO 8080 [GND ov 
CLOCKS ——__ 
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M8224 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -55°C to 125°C 


Storage Temperature ...........-. -65°C to 150°C 
Supply Voltage, Vcc ......---00-- -0.5V to +7V 
Supply Voltage, Vpp .-.....---- . -0.5V to +13.5V 
INDUt Voltages alec oe hl oie See -1.0V to +7V 
Output Current 3.6. Sok ence es Sa eeee e 100mA 


D.C. CHARACTERISTICS 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Ta = -55°C to 125°C; Voc = +5.0V £10%; Vpp = +12V 10%. 
Ve Input Forward Clamp Voltage aan Tea Ic = -5mA 
Vin Input ‘High’ Voltage RESIN 2.6 V 
All Other Inputs 2.0 
Vin-Vin RESIN Input Hysteresis eo aa V Vec = 5.0V 
VoL Output ‘‘Low’’ Voltage OSC, V lo. = 10mA 
2 (TTL) 
All Other Outputs V lo. = 2.5mA 

Vou Output “High” Voltage 

py ; 2 9.0 V lou = -100uUA 

READY, RESET 3.3 V lon = -100uUA 

OSC, $2 (TTL), STSTB 2.4 V lon =-1mA 
los!1] Output Short Circuit Current -10 mA Vo = OV 

(All Low Voltage Outputs Only) Vec = 5.0V 


Note: 1. Caution, 4 and $9 output drivers do not have short circuit protection 


CRYSTAL REQUIREMENTS 


Tolerance: .005% at -55°C to 125°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 


*With tank circuit use 3rd overtone mode. 
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M8224 


A.C. CHARACTERISTICS 
Voc = +5.0 10%; Vpp = +12.0V +10%; Ta = -55°C to +125°C 


Limits Test 
2tcy = 
tp2 $2 to d; Delay ara 25ns C, = 20pF to 50pF 
to¢2 2 to 2 (TTL) Delay +15 ns @2TTL,CL=30pF 
R,=300Q2 
R »=60002 
fe $o to STSTB Delay ay 30ns 4 ney 
Ry = 2K 
. Ro = 4K 
fue RDYIN Setup Time to 5Ons - 4tcy 2 
Status Strobe 9 
: RDYIN Hold Time Atcy 
oe After STSTB 9 
tor READY or RESET to Atcy | 25ns 
$2 Delay 9 CL=10pF 
R,=2K 
Ro=4K 
Maximum Oscillating 
Cin Input Capacitance pF Vec=+5.0V 
Vpop=t12V 
VBias=2.5V 
f=1MHz 


TEST 
CIRCUIT 


INPUT 
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M8224 


WAVEFORMS 


ee le type tbo2 — > 
P2ITTL) 7 
SYNC 
(FROM 8080A) | 
t toss - tpw s! 
ae , : 
STSTB 
tors 
<< ——___--- tory = 
| 
aoe a= | sane eweiees== sw ewemw ewe«mwam fwTeaw Ss aS ee SSE we we Se SST SSS eT eee ee eee 
RDYIN OR RESIN 
— tor 
READY OUT ( 
eames easy ome? cee? Looe, See | mus cms > ms ee ese es ee 
< ‘or i 
RESET OUT 


VOLTAGE MEASUREMENT POINTS: $4, $2 Logic 0” = 1.0V, Logic ‘1° = 7.0V. READY, RESET Logic '’0” = 0.8V, Logic ’’1”’ = 3.0V. 
All other signals measured at 1.5V. 


Example: 


A.C. CHARACTERISTICS ( For tcy = 488.28 ns.) 
Ta = -55°C to 125°C; Vpp = +5V +10%; Vpp = +12V +10%. 


Limits 
Symbol Parameter Typ. Units Test Conditions 


eg $> Pulse Width 26 | of 
toi Delay $1 to $2 a ee 
tp2 Delay $2 to 1 84 ae $1 & $2 Loaded to 
tp3 Delay $1 to dg Leading Edges 109 | 149 OL aU tO UF 

se Output Rise Time 25 
te Output Fall Time 25 
toss $2 to STSTB Delay 296 od 326 
to¢2 $2 to d2 (TTL) Delay -5 +15 
tpw Status Strobe Pulse Width ; 31 ae Ready & Reset Loaded 
fies RDYIN Setup Time to STSTB to 2mA/10pF 
fone RDYIN Hold Time after STSTB ee er sulscieg ee 
to $2 Delay otherwise. 


2 


intel 
8801 


CLOCK GENERATOR CRYSTAL 
FOR 8224/8080A 


@ Specifically Selected For Intel® 8224 @ Frequency Deviation +.005% 
@ 18.432 MHz for 1.95 us 8080A Cycle = Frequency Mode-Fundamental 
= Simple Generation of All Standard = 0 - 70°C Operating Temperature 


Communication Baud Rates 


The 8801 is a quartz crystal specifically selected to operate with the 8224 clock generator and 8080A. It resonates in the 
fundamental frequency mode at 18.432 MHz. This frequency allows the 8080A at full speed (Tcy = 488 ns) to have a cycle of 
1.95 ys and also simplifies the generation of all standard communication baud rates. The 8801 crystal is exactly matched to the 
requirements of the 8080A/8224 and provides both high-performance and system flexibility for the microcomputer designer. 


8801 INTERFACE PACKAGING INFORMATION 


8801 
[ | +400 —» 


510 i8801 
oe oe 
OSC 4 
bo (TTL) 
RDYIN ——> 
Vee 8224 
crock 1.500 
GENERATOR 
GND 7 
GND ' 
<.192>| 


STSTB (TO 8228 PIN 1) 


10-41 


8801 


APPLICATIONS BLOCK DIAGRAM 


The selection of 18.432 MHz provides the 8080A with clocks 
whose period is 488ns. This allows the 8080A to operate at 
very close to its maximum specified speed (480 ns). The 
8224, when used with the 8801, outputs a signal on its OSC 
pin that is an approximately symetrical square wave at a 
frequency of 18.432 MHz. This frequency signal can be 
easily divided down to generate an accurate, stable baud 
rate clock that can be connected directly to the transmitter 
or receiver clocks of the 8251 USART. This feature allows 
the designer to support most standard communication 
interfaces with a minimum of extra hardware. 


Oy 
} TO 8080A 
2 


og(TTL) TO 8251 
2.048 MHz 


18.432 MHz 


The chart below (Fig. 1) shows the equivalent baud rates 
that are generated with the corresponding dividers. 


BASIC DIVIDER 
30 


9600 BAUD 
{64X) 


TO 8251 
RXC/TXC 
TRIM OTHER 
DIVIDER epee 
BAUD RATE BAUD RATE PLUS TRIM 
64x 16x Ss) DIVIDER 
9600 a 614.4 KH : oa 
4800 307.2 KH ; 72 
2400 153.6 KH : +4 
1200 | 76.8 KH : +8 
600 38.4 KH +16 
300 19.2 KH : +32 
9.6 KH ; +64 
4.8 KH +128 
*109.1 6.982 KH : +88 
*For 109.1 (64x) Baud rate divide 1200 Baud Frequency (76.8 KH) by 11. 
Figure 1. Baud Rate Chart 
ELECTRICAL CHARACTERISTICS ORDERING INFORMATION 
Recommended Drive Level ..............-.. 5mW Intel Products may be ordered from either your local Intel 
Type of Resonance ............---2+ 002 ee Series sales office or stocking Intel distributor. 
Equivalent Resistance ............20000. 20 ohms 
Maximum Shunt Capacity ...............0.. 7pF 
Maximum Frequency Deviation 
OF. 20) © bee eh eee be ace: + 005% 
-§5°— 125°C 2 we cee + 002% 
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intel 
8228/8238 


SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 


= Single Chip System Control for mw User Selected Single Level Interrupt 
MCS-80™ Systems Vector (RST 7) 
@ Built-in Bi-Directional Bus Driver for @ 28 Pin Dual In-Line Package 


Data Bus Isolation m Reduces System Package Count 


= Allows the Use of Multiple Byte Instruc- ™ *8238 Has Advanced IOW/MEMW for 


tions (e.g. CALL) for Interrupt Large System Timing Control 
Acknowledge 


The 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 


A bi-directional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 
8080 data bus from memory and I/O. This allows for the optimization of control signals, enabling the sys- 
tems deisgner to use slower memory and !/O. The isolation of the bus driver also provides for enhanced 
system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an INTERRUPT ACKNOWLEDGE by the 8080A. This feature 
permits large, interrupt driven systems to have an unlimited number of interrupt levels. 


The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable, design of the MCS-80 systems. 


PIN CONFIGURATION 8228/8238 BLOCK DIAGRAM 


CPU D2 
eee BI-DIRECTIONAL 
DATA Ss BUS DRIVER SYSTEM DATA BUS 
BUS 5 —— 4 
5 


22 
8228 /8238 


STSTB 
DBIN o~<—— BUSEN 
WR 
HLDA D INTA 


PIN NAMES 


DATA BUS (8080 SIDE) 
DATA BUS (SYSTEM SIDE) 
_WOREAD 

1/0 WRITE 

MEMORY READ 

MEMORY WRITE 

DBIN (FROM 8080) 


INTERRUPT ACKNOWLEDGE 
HLDA (FROM 8080) 
WR (FROM 8080) 
BUS ENABLE INPUT 
STATUS STROBE (FROM 8224) 
+5V 
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8228, 8238 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “‘Absolute 
Maximum Ratings” may cause permanent damage to the 

Temperature Under Bias............ —O°C to 70°C device. This is a stress rating only and functional opera- 

Storage Temperature... ........... —65°C to 150°C tion of the device at these or any other conditions above 

Supply Voltage, Vcc... 2. ee ee —0.5V to+7V those indicated in the operational sections of this specifi- 

LApUT VOlTadG s\- 8c bY S29 oy eh Bae ae —1.5V to +7V cation is not implied. Exposure to absolute maximum 

OUMOU CUPER Eien elatnsn ce ded, 4 oat ae ee See 100mA rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS Ty, =0°C to 70°C; Vcc = 5V +5%. 


Limits 
Symbol Parameter Typ.(1]] Max. | Unit Test Conditions 
Ve Input Clamp Voltage, All Inputs Vec=4.75V; Ic=-5mA 
lp Input Load Current, aoe 
STSTB LA Veco = 5.25V 
750 aw Ve =0.45V 
||" 
250 
All Other Inputs a 
IR Input Leakage Current 
STSTB ae a Veco =5.25V 
uA Vr =5.25V 
All Other Inputs | 100 a 


VoL Output Low Voltage, 
Do-D7 cae Vec=4.75V; Io. =2mA 
All Other Outputs lo, = 10mA 
VoH Output High Voltage, 
Do-D7 , 4 Vec=4.75V; loy=-10HA 
All Other Outputs 2.4 Pe lon =-1ImA 
lo (off) Off State Output Current, 
All Control Outputs 100 LA Veco=5.25V; Vo =5.25 
a Vo=.45V 


on fo) 
3 3 =| 


a < 
— 
© 
© 


o8 


WNT INTA Current 


Note 1: Typical values are for Ta = 25°C and nominal supply voltages. 


(See Figure below) 
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8228, 8238 


WAVEFORMS 


STATUS STROBE 


8080 DATA BUS Clade > 
~<- t 
t > SH 
DBIN * ze 
INTA, |OR, MEMR 
toc 
HLDA 


INTA, 1|OR, MEMR 
DURING HLDA 


SYSTEM BUS DURING READ 


8080 BUS DURING READ: —- —- — _ a ge 


WR 
*toc” | es : twr oad] « > atl twr 


8080 BUS DURING WRITE 
SYSTEM BUS DURING WRITE — — — — — — — — — i < 


SYSTEM BUS ENABLE 


SYSTEM BUS OUTPUTS — — —- —- Orr eae er < >—— — — — — — a cae 


VOLTAGE MEASUREMENT POINTS: Dg-D7 (when outputs) Logic “0” = 0.8V, Logic 1". = 3.0V. All other signals measured 
at 1.5V. 


*ADVANCED IOW/MEMW FOR 8238 ONLY. 


A.C. CHARACTERISTICS Tp = 0°C to 70°C; Vcc = 5V #5%. 


Limits 
2 


tpw Width of Status Strobe 2 ns 
tss Setup Time, Status Inputs Dg-D7 8 ns 
tsy Hold Time, Status Inputs Dg-D7 5 ns 


toc Delay from STSTB to any Control Signal 20 


eS: 
S 
ee 
GS 
= 


ns C. = 100pF 
tRR Delay from DBIN to Control Outputs ns C,. = 100pF 


60 
30 


twe Delay to Enable System Bus DBg-DB7 after STSTB 30 ns CL = 100pF 


two Delay from 8080 Bus Dg-D7 to System Bus ns C, = 100pF 
DBg-DB7 during Write 5 40 

te Delay from System Bus Enable to System Bus DBg-DB7 30 ns C. = 100pF 

tup HLDA to Read Status Outputs 25 ns 

tps Setup Time, System Bus Inputs to HLDA 10 ns 

toH Hold Time, System Bus Inputs to HLDA 20 ns C,. = 100pF 
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8228, 8238 


CAPACITANCE 


This parameter is periodically sampled and not 100% tested. 


Limits 


Symbol Parameter 


Input Capacitance 


Output Capacitance 
Control Signals 


IK +10% 


1/O Capacitance 


TEST CONDITIONS: Veias = 2.5V, Voc =5.0V, Ta = 25°C, f = 1MHz. 


Note 2: For Dg-D7: Ry = 4K2, Rg= oO, L\ve 
Cy = 25pF. For all other outputs: TesT ciRcUIT!?! : 
R, 


Rz = 5002, Ro = 1K, Cy = 100pF. 
OUTPUT 
PIN 
akg. R, 
GND GND 


INTA Test Circuit (for RST 7) 


2 
GND. ————_—_> 
20 Ao 
+5V A, 
iat 11 
- A 
28 2 
+12 ————___—> As 
Ag 
As 
Ag 
A; | ADDRESS BUS 
13 Ag 
SYSTEM DMA REQ. —————_> Ag 
Axo 
Ay) 
14 A 
SYSTEM INT. REQ, ————> 12 
ae - Aa 
INT. ENABLE Ava 
Ais 


13 22 
TANK ——+> 
osc «— 18 +—_——— DB, 
D, <_—_—_—— DB, 
by (TTL) 24 
8224 23 ae 8228/8238 -———_ DB, 
RDYIN——>}_— Gi ocx eee D; BI-DIRECTIONAL <—_—_—_— DB, 
2 | GENERATOR . BUS DRIVER SATA RUS 
RESIN DRIVER 12 m4 0B, 
RESIN ——+O . 2 
9 
+12 ———_»> 5 B, 
16 Dg +—___—_— DB, 
+5V ——> 19 
GND ——> 7 <—____—_ bB, 
— 
INTA 
2 MEMR 
STATUS STROBE 
CONTROL MEMWFE- CONTROL BUS 
0 R 
1/0 W 


CPU Standard Interface 
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intel 


M8228/M8238 


“Off 
any Te 
Up 


SYSTEM CONTROLLER AND BUS DRIVER 
FOR M8080A CPU 


= Single Chip System Control for a 
MCS-80 Systems 

# Built-in Bi-Directional Bus Driver x 
for Data Bus Isolation a 

= Allows the use of Multiple Byte a 


Instructions (e.g. CALL) for 
Interrupt Acknowledge 

= M8238 has Advanced 1[OW/ MEMW for 
Large System Timing Control 


User Selected Single Level Interrupt 
Vector (RST 7) 

28 Pin Dual In-Line Package 
Reduces System Package Count 
Full Military Temperature Range 
-55°C to +125°C 

+10% Power Supply Tolerance 


The M8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to directly interface 


MCS-80 family RAM, ROM, and !/O components. 


A bi-directional bus driver is included to provide high system TTL fan- 


out. It also provides isolation of the 8080 data bus from 


memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower memory and 
|/O. The isolation of the bus driver also provides for enhanced system noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., CALL) in 
response to an INTERRUPT ACKNOWLEDGE by the M8080A. This feature permits large, interrupt driven systems to have an 


unlimited number of interrupt levels. 


The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for cost 


effective, reliable, design of the MCS-80 systems. 


PIN CONFIGURATION M8228/M8238 BLOCK DIAGRAM 
(: eaeeenes 
D, —» 
CPU aig 
DATA 53 mos SRE DRIVER” SYSTEM DATA BUS 


STSTB 
DBIN 
WR 
HLDA 


PIN NAMES 


DATA BUS (8080 SIDE) 
_DATA BUS (SYSTEM SIDE) _ 
1/0 READ 
_ VOWRITE 


MEMORY READ — 
MEMORY WRITE 


_DBIN (FROM 8080) 


MEM R 
MEM W 
ic iene 
|} GatiNnG ed 
ARRAY 
VOW 


INTERRUPT ACKNOWLEDGE 

HLDA (FROM 8080) sw 

WR (FROM 8080) 

BUS ENABLE INPUT 

STATUS STROBE (FROM 8224) 
ine. aie 

0 VOLTS 
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M8228/M8238 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ........... -55°C to 125°C 
Storage Temperature ............. -65°C to 150°C 
Supply Voltage, Vcc ...- 2... eee eee -0.5V to +7V 
[NDUE VOaGe acs csewn ia oie esd Hk ae . -1.0V to +7V 
Output Current.............000 0 ce eee 100mA 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS T, =-55°C to 125°C; Voc = 5V 10%. 


| 
Symbol Parameter Unit Test Conditions 


Ve Input Clamp Voltage, All Inputs 


lr Input Load Current, 
STSTB 


Do, Dj, Da, Ds, D7 
All Other Inputs 


Ir Input Leakage Current 
DBg - D7 


All Other Inputs 
VTH Input Threshold Voltage, All Inputs 
lec Power Supply Current 


VoL Output Low Voltage, 
Do - D7 


All Other Outputs 


VoH Output High Voltage, 
Do - D7 


All Other Outputs 


los Short Circuit Current, All Outputs 


lo (oft) Off State Output Current, 
All Controls Outputs 


lint INTA Current 


w 
w 
N 
- 
= 
> 


NO 
BSS 


=" 
o1 
ie 
© 
jo) 
Eis 
>| > 


Note 1: Typical values are for Ta = 25°C and nominal supply voltages. 
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Ic =-5mA 


1 
—_ 
NO 


500 uA 


: 


250 LA 


Pua 

pA 

| HA 

oe VR = 5.5V 
pA 

| mA 

lOL = 10mA 
ie 
ee oad 
cae 


lon = -10uA 
loOH =-ImA 
mA Vec = 5V 


Vo = 5.5V 
Vo = .45V 


mA (See Figure on page 3) 


M8228/M8238 


CAPACITANCE This parameter is periodically sampled and not 100% tested. 


Parameter 


Input Capacitance 


Output Capacitance 
Control Signals 


1/O Capacitance 
(D or DB) 


TEST CONDITIONS: Vepjas = 2.5V, Vcc =5.0V, Ta = 25°C, f = 1MHz. 
Note 2: For Dg-D7: Rj = 4K2, Ra = ©, L\ vc 
Cy = 25pF. For all other outputs: TEST CIRCUIT /7I 
R1 = 5002, Ro = 1KQ, Cy = 100pF. m 


OUTPUT 
PIN 


A.C. CHARACTERISTICS Ty = -55°C to 125°C; Voc = 5V +10%. 


rd 


Symbol Parameter 

tpw Width of Status Strobe _ 

tss Setup Time, Status Inputs Dg-D7 
“ts. | Hold Time, Status Inputs Dg-D7 Oo 
pe i ubelay from STSTB to any Control Signal — 

tRR -4| Delay from DBIN to Control Outputs 

tRE Delay from DBIN to Enable/Disable 8080 Bus 

trp Delay from System Bus to 8080 Bus during Read 

twrR Delay from WR to Control Outputs 


twe Delay to Enable System Bus DBg-DB7 after STSTB 
two Delay from 8080 Bus Dg-D7 to System Bus 


DBy-DB7 during Write 


te Delay from System Bus Enable to System Bus DBy-DB7 
- as HLDA to Read Status Outputs 

tos Setup Time, System Bus Inputs to HLDA 

toH Hold Time, System Bus Inputs to HLDA 
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M8228/M8238 


INTA Test Circuit (for RST 7) 


Limits 


G. 
= 
-" 
wn 


1K22Q + 10% 


| Min. | Max. | Condition 
pas [ [a 
paps 
Ps] pe 
a 30 | ns | Cy = 100pF 
— 2 ns C, = 25pF 
ns | Cy = 25pF 
30 Cy = 100pF 
ri C. = 100pF 
5 | 40 
10 ns 
20 ns 


M8228/M8238 


WAVEFORMS 


STATUS STROBE a 
8080 DATA BUS Cie a 


DBIN 


INTA, IOR, MEMR i 


~< tuo 
INTA, iOR, MEMR 
DURING HLDA 


SYSTEM BUS DURING READ S See e. 


tao |« _ tre 
8080 BUS DURING READ: — — — — — — — aoe ee a ae: SE pee ey a ee ee ee ae 
tee < 
" Ai 
‘wR |« >| |+- ‘wr 
loW OR MEM W \ (8238) 


8080 BUS DURING WRITE 
K - two 


SYSTEM BUS DURING WRITE — — —- — — —- — — < 


SYSTEM BUS ENABLE 
SYSTEM BUS OUTPUTS — — — — — —- — —- — — — < a See ee RR eee EN —_ 


VOLTAGE MEASUREMENT POINTS: Dg-D7 (when outputs) Logic “0” = 0.8V, Logic 1" = 3.0V. All other signals measured 
at 1.5V. 


*Advanced |OW/MEMW for M8238 only. 


S 
ce) 
~P 
S 
B 
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M8228/M8238 


Ms080A 
CPU 


DATA BUS 


(FROM 8224) STATUS STROBE CONTROL BUS 


BUSEN 


M8080A CPU Interface 


TYPE OF MACHINE CYCLE 


A 
/ C 
4 "ep 
Py 
ny) 


(N) STATUS WORD 


net | O1@ — 
22. 
oe 
| 1 | 
Pek ee eo 
| Os | Fotijol. 
| De | INP | fo l[o}jo]|o 
oy | ema | 1 [i | o| roo io 
INTA 
| (NONE) 
INTA 
—_—__—__—__—_— 1/OW 
/OR CONTROL 
MEMW| SIGNALS 
MEM R 
MEM W 
— MEMR 
MEM R 


Status Word Chart 


Sele a a a SS Se 
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8085 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


@ Single +5V Power Supply = Four Vectored Interrupts (One is non- 


= 100% Software Compatible with 8080A Maskable) 


= 1.3 ps Instruction Cycle m@ Serial In/Serial Out Port 


= On-Chip Clock Generator (with External | @ Decimal, Binary and Double Precision 
Crystal or RC Network) Arithmetic 
= On-Chip System Controller = Direct Addressing Capability to 64K 
Bytes of Memory 


The Intel® 8085 is a new generation, complete 8 bit parallel central processing unit (CPU). Its instruction set is 100% soft- 
ware compatible with the 8080A microprocessor, and it is designed to improve the present 8080's performance by higher 
system speed. Its high level of system integration allows a minimum system of three IC’s: 8085 (CPU), 8155 (RAM) and 
8355/8755 (ROM/PROM). 


The 8085 incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 8080, 
thereby offering a high level of system integration. 


The 8085 uses a multiplexed Data Bus. The address is split between the 8 bit address bus and the 8 bit data bus. The on- 
chip address latches of 8155/8355/8755 memory products allows a direct interface with 8085. 


8085 CPU FUNCTIONAL 
BLOCK DIAGRAM 


INTA RST 6.5 TRAP 
INTR RST 5.5 RST7.5 SID SOD 
INTERRUPT CONTROL SERIAL 1/0 CONTROL 
| 8-BIT INTERNAL DATA BUS { 


INSTRUCTION 
REGISTER (8) 


INSTRUCTION De) 
DECODER 

REG. 

atib G REG 


MACHINE H (8) 
CYCLE REG. REG. 
ENCODING (16) 
STACK POINTER 
(16) 
PROGRAM COUNTER 


poviereie tad eae INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


TIMING AND CONTROL | 


x, ADDRESS BUFFER e DATA/ADDRESS BUFFER?) 


X2 CONTROL STATUS pe ee I] 


CLK OUT RD WR ALE SS, 10/M HLDA pESEn OUT Ais-A AD7-AD 
ADY RESET IN eect oat 
RE HOLD ADDRESS BUS ADDRESS/DATA BUS 


REGISTER 
ARRAY 
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8085 FUNCTIONAL PIN DEFINITION 


The following describes the function of each pin: 


Ags-A15 (Output 3-State) 


Address Bus; The most significant 8-bits of the memory 
address or the 8-bits of the I/O address, 3-stated during 
Hold and Halt modes. 


ADo.7 (Input/Output 3-state) 


Multiplexed Address/Data Bus; Lower 8-bits of the 
memory address (or 1/O address) appear on the bus 
during the first clock cycle of a machine state. It then 
becomes the data bus during the second and third clock 
cycles. 


3-stated during Hold and Halt modes. 


ALE (Output 3-state) 


Address Latch Enable: It occurs during the first clock cycle of 
a machine state and enables the address to get latched into 
the on-chip latch of peripherals. The falling edge of ALE is set 
to guarantee setup and hold times for the address information. 
ALE can also be used to strobe the status information. 3- 
stated during Hold and Halt modes. 


So, $1 (Output) 
Data Bus Status. Encoded status of the bus cycle: 


$1 So 


0 O HALT 
0 1 WRITE 
1 0 READ 
1 1 FETCH 


Sj can be used as an advanced R/W status. 


RD (Output 3-state) 


READ; indicates the selected memory or I/O device is to be 
read and that the Data Bus is available for the data transfer. 
Tri-stated during Hold and Halt. 


WR (Output 3-state) 


WRITE; indicates the data on the Data Bus is to be written 
into the selected memory or I/O location. Data is set up at 
the trailing edge of WR. Tri-stated during Hold and Halt 
modes. 


READY (Input) 


If Ready is high during a read or write cycle, it indicates 
that the memory or peripheral is ready to send or receive 
data. If Ready is low, the CPU will wait for Ready to go high 
before completing the read or write cycle. 


HOLD (Input) 


HOLD; indicates that another Master is requesting the use 
of the Address and Data Buses. The CPU, upon receiving 
the Hold request, will relinquish the use of buses as soon 
as the completion of the current machine cycle. Internal 
processing can continue. The processor can regain the 
buses only after the Hold is removed. When the Hold is 
acknowledged, the Address, Data, RD, WR, !O/M, and 
ALE lines are tri-stated. 


HLDA (Output) 


HOLD ACKNOWLEDGE; indicates that the CPU has 
received the Hold request and that it will relinquish the 


Vec 

HOLD 
HLDA 
CLK (OUT) 
RESET IN 
READY 
10/M 


1 

2 
3 
4 
5 
6 
7 
8 
9 


Figure 1. 8085 PINOUT DIAGRAM 


buses in the next clock cycle. HLDA goes low after the 
Hold request is removed. The CPU takes the buses one 
half clock cycle after HLDA goes low. 


INTR (Input) 


INTERRUPT REQUEST; is used as a general purpose 
interrupt. It is sampled only during the last clock cycle of 
the instruction. If it is active, the Program Counter (PC) 
will be inhibited from incrementing and an INTA will be 
issued. During this cycle a RESTART or CALL instruction 
can be inserted to jump to the interrupt service routine. 
The INTR is enabled and disabled by software. It is 
disabled by Reset and immediately after an interrupt is 
accepted. 


INTA (Output) 


INTERRUPT ACKNOWLEDGE; is used instead of (and 
has the same timing as) RD during the Instruction cycle 
after an INTR is accepted. It can be used to activate the 
8259 Interrupt chip or some other interrupt port. 


RST 5.5 
RST 6.5 
RST 7.5 


(Inputs) 


RESTART INTERRUPTS; These three inputs have the 
same timing as INTR except they cause an internal 
RESTART to be automatically inserted. 


RST 7.5 —» Highest Priority 
RST 6.5 
RST 5.5 —> Lowest Priority 


The priority of these interrupts is ordered as shown above. 
These interrupts have a higher priority than the INTR. 
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TRAP (Input) 
Trap interrupt is a nonmaskable restart interrupt. It is 
recognized at the same time as INTR. It is unaffected by 
any mask or Interrupt Enable. It has the highest priority of 
any interrupt. 


RESET IN (Input) 

Reset sets the Program Counter to zero and resets the 
Interrupt Enable and HLDA flip-flops. None of the other 
flags or registers (except the instruction register) are 
affected. The CPU is held in the reset condition as long as 
Reset is applied. 


RESET OUT (Output) 


Indicates CPU is being reset. Can be used as a system 
RESET. The signal is synchronized to the processor clock. 


X4, Xq (Input) 
Crystal or R/C network connections to set the internal 


clock generator. X1 can also be an external clock input 
instead of a crystal. 


CLK (Output) 


Clock Output for use as a system clock when a crystal or 
R/C network is used as an input to the CPU. 


10/M (Output) 


|O/M indicates whether the Read/Write is to memory or 
1/O. Tri-stated during Hold and Halt modes. 


SID (Input) 


Serial input data line. The data on this line is loaded into 
accumulator bit 7 whenever a RIM instruction is executed. 


SOD (output) 


Serial output data line. The output SOD is set or reset as 
specified by the SIM instruction. 


Vec 
+5 volt supply. 


Vss 
Ground Reference. 


FUNCTIONAL DESCRIPTION 


The 8085 is a complete 8 bit parallel central processor. It is 
designed with N-channel depletion loads and requires a 
single +5 volt supply. Its basic clock speed is 3 MHz thus 
improving on the present 8080's performance with higher 
system speed. Also it is designed to fit into a minimum 
system of three IC’s: The CPU, a RAM/IO, and a ROM or 
PROM/IO chip. 


The 8085 uses a multiplexed Data Bus. The address is split 
between the higher 8-bit Address Bus and the lower 8-bit 
Address/Data Bus. During the first cycle the address is 
sent out. The lower 8-bits are latched into the peripherals 
by the Address Latch Enable (ALE). During the rest of the 
machine cycle the Data Bus is used for memory or 1/O 
data. 
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The 8085 provides RD, WR, and |O/Memory signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. Hold, Ready, and all Interrupts are 
synchronized. The 8085 also provides serial input data 
(SID) and serial output data (SOD) lines for simple serial 
interface. 


In addition to these features, the 8085 has three maskable, 
restart interrupts and one nonmaskable trap interrupt. 


8085 vs. 8080 


The 8085 includes the following features on-chip in 
addition to all of the 8080 functions. 


Internal clock generator 

Clock output 

Fully synchronized Ready 

Schmitt action on RESET IN 

RESET OUT pin 

RD, WR, and !O/M Bus Control Signals 
Encoded Status information 

Multiplexed Address and Data 

Direct Restarts and nonmaskable Interrupt 
Serial Input/Output lines. 


“Sse “9 anN TP 


The internal clock generator requires an external crystal 
or R-C network. It will oscillate at twice the basic CPU 
Operating frequency. A 50% duty cycle, two phase, 
nonoverlapping clock is generated from this oscillator 
internally and one phase of the clock (¢2) is available as an 
external clock. The 8085 directly provides the external 
RDY synchronization previously provided by the 8224. 
The RESET IN input is provided with a Schmitt action 
input so that power-on reset only requires a resistor and 
Capacitor. RESET OUT is provided for System RESET. 


The 8085 provides RD, WR and IO/M signals for Bus 
control. An INTA which was previously provided by the 
8228 in 8080 system is also included in 8085. 


STATUS INFORMATION 


Status information is directly available from the 8085. ALE 
serves as a Status strobe. The status is partially encoded, 
and provides the user with advanced timing of the type of 
bus transfer being done. |O/M cycle status signal is 
provided directly also. Decoded Spo, S; carries the 
following status information: 


S14 So 
HALT 0. “0: 
WRITE 0 1 
READ 1 0 
FETCH 1 1 


S1 can be interpreted as R/W in all bus transfers. 


In the 8085 the 8 LSB of address are multiplexed with the 
data instead of status. The ALE line is used as a strobe to 
enter the lower half of the address into the memory or 
peripheral address latch. This also frees extra pins for 
expanded interrupt capability. 


8085 


LS SS eS ss SS Sr ft SSS WTS 


INTERRUPT AND SERIAL I/O 


The 8085 has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080 INT. Each of three RESTART inputs, 5.5, 6.5, 7.5, has 
a programmable mask. TRAP is alsoa RESTART interrupt 
except it is a non-maskable interrupt. 


The three RESTART interrupts cause the _ internal 
execution of RST (saving the program counter in the 
stack and branching to the RESTART address) if the 
interrupts are enabled and if the interrupt mask is not set. 
The nonmaskable TRAP causes the internal execution of 
a RST independent of the state of the interrupt enable or 
masks. 


Name RESTART Address (Hex) 
TRAP 2446 

RST 5.5 2C46 

RST 6.5 3446 

RST 7.5 3C 16 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensitive 
like INTR (and INT on the 8080) and are recognized with 
the same timing as INTR. RST 7.5 is rising edge-sensitive. 
For RST 7.5, only a pulse is required to set the interrupt 
request. The request is remembered until the request is 
serviced or reset by the SIM instruction or by RESET. 


All the restart interrupts can be individually masked, and 
thus be prevented from interrupting the processor. The 
RST 7.5 request can be set even though the mask is set and 


the interrupts are disabled. The masks will only be 
affected by the SIM instruction and RESET. 


The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if more 
than one is pending as follows: TRAP - highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This 
priority scheme does not take into account the priority of a 
routine that was started by a higher priority interrupt. RST 
9.59 Can interrupt a RST 7.5 routine if the interrupts were re- 
enabled before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic errors such as 
power failure or bus error. The TRAP input is recognized 
just as any other interrupt but has the highest priority. It is 
not affected by any flag or mask. The TRAP input is both 
edge and level sensitive. TRAP must remain high to be 


acknowledged, but will not be recognized again until it 


goes low, then high again. This avoids any false triggering 
due to noise or logic glitches. 


The serial I/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 


BASIC SYSTEM TIMING 


The 8085 has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 2 shows an instruction fetch, memory read 
and I/O write cycle (OUT). Note that during the I/O write 
and read cycle that the |/O port address is copied on both 
the upper and lower half of the address. 


CLK 


Ag-Aus 
ADy_7 a ep = «= 
(LOW ORDER DATA FROM 
ADDRESS) MEMORY 
(INSTRUCTION) 

ALE 
RD 

WR 
10/M 


STATUS 


S1 So (FETCH) ver 


XD 


DATA FROM MEMORY 
(1/0 PORT ADDRESS) 


DATA TO MEMORY 
OR PERIPHERAL 


10 (READ) 


FIGURE 2. 8085 BASIC SYSTEM TIMING. 


10-55 


is RELIMINARY 


fametric limits are Subject to cha 

ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 

. Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


On. Some 
nge. 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature.............. —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground............ -0.3 to +7V rating conditions for extended periods may affect device 
Power Dissipation. ........-.00 0220 eae 1.5 Watt reliability. 


D.C. CHARACTERISTICS 
(Ty = 0°C to 70°C; Veg = 5V 5%; Veg = OV; unless otherwise specified) 


Symbol Parameter Test Conditions 


VoL Output Low Voltage ee lo = 2mA 
Vou Output High Voltage | 624 | loy = -400uA 


Power Supply Current 


Hee! 
he Input Leakage | Tt Lt Vin = Vec 
ILo Output Leakage ee ee u 0.45V < Vout < Vcc 
Wises Input Low Level, RESET | -05 | +08 | 
Via Input High Level, RESET 


Bus Timing Specification asa Tcyc Dependent 


taL — — (1/2) T - 50 MIN 
tin — (1/2) T- 20 MIN 
tin — (1/2) T- 30 MIN 
tear — (1/2) T - 60 MIN 


= 
oO 
3 
i) 


tis — (1/2) T- 80 MIN 
toc —  (3/2+N) T- 80 MIN 
TaRY — (3/2) T - 260 MAX 
tuack — (1/2) T-50 MIN 
tuape  —  (1/2)T+30 MAX 
tuape —  (1/2)T+30 MAX 
tie — (2/2) T- 50 MIN 
t, — (1/2) T= 80 MIN 
t — (1/2) T - 40 MIN 
ty — (3/2) T - 80 MIN 


- (1/2) T + 200 MIN 


NOTE:  N is equal to the total WAIT states. 
T=tcyvc. 
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8085 PRE 
Param Rise Is Is Not a ¢; 
: : Ctric limits pi Final SPCCificg ; 
A.C. CHARACTERISTICS (T, = 0°C to 70°C; Vog = 5V 5%; Vgg = OV) “Ubject to chan Some 
uge, 
Symbol Parameter [Min Max. 
Toye CLK Cycle Period 320 2000 


t, CLK Low Time | 80 
ty CLK High Time | 120 


CLK Rise and Fall Time 


aa 
aod 
vn Address Valid Before Trailing Edgeof ALE =| 110 | 
ae 
Nes 


Test Conditions 
See notes 1, 2, 3, 4,5 


tha Address Hold Time After ALE | 100 | 


toe ALE Width 120 
tick ALE Low During CLK High 


Trailing Edge of ALE to Leading Edge of 
Control 


~+ 
+ 
= 
ot 
~h 


ct 
rc 
?) 


tarr Address Float After Leading Edge of 
READ (INTA) 
a Valid Address to Valid Data In | | ef ons 
tapy | Data Hold Time After READ (iNTA) Foo | lots 
trar Trailing Edge of READ to Re-Enabling 120 ns 
of Address Teyc = 320ns; 
te Address (A8-A15) Valid After Control | 120- | ons] C= 150 pF 


Data Valid to Trailing Edge of WRITE 


two Data Valid After Trailing Edge of WRITE 


tee Width of Control Low (RD, WR, INTA) | 400 | 


~ 


te Trailing Edge of Control to Leading Edge 
of ALE 


tary | READY Valid From Address Valid a 


trys READY Setup Time to Leading Edge of CLK | 110 | 


tayy | READY Hold Time Oe 


thack HLDA Valid to Trailing Edge of CLK 
tuapBe Bus Float After HLDA 


try Control Trailing Edge to Leading Edge of | 


ct 
7) 
= 


et 
ra 
n 


NO 
N 
oO 


Next Control 
tac Address Valid to Leading Edge of Control 270 
tune HOLD Setup Time to Trailing Edge of CLK 
tuDH HOLD Hold Time 


INTR Setup Time to Leading Edge of CLK 
(M1, T1 only). Also RST and TRAP 


tinH INTR Hold Time 


. A815 Address Specs apply to 10/M, SO and S1. 
. For all output timing where C, # 150pf use the following correction factors: 
25pf < Cy < 150pf: -.10 ns/pf 

150pf < Cy < 300pf: +.30 ns/pf 
. Output timings are measured with purely capacitive load. 
. All timings are measured at output voltage Vi = .8V, VH = 2.0V, and 1.5V with 20ns rise and fail time on inputs, 
. To calculate timing specifications at other values of Tcyc use the table in Table 2. 
. L.E.= Leading Edge _—‘T.E. = Trailing Edge 


N= 


Ooh | 
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FIGURE 3. CLOCK TIMING WAVEFORM 


READ OPERATION 


CLK 


Ag-Ais 


AD,-AD, 


READY 


Tw AIT T3 Ty, 


N 


tLoKw—> 


ADDRESS 


WRITE OPERATION 


CLK 


AgAis 


AD,-AD, 


ALE 


READY 


Tt | qT, Twatt | T3 | Ty 


( ADDRESS 


y ADDRESS y DATA OUT 


FIGURE 4. 8085 BUS TIMING 
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As in the 8080, the READY line is used to extend the read 
and write pulse lengths so that the 8085 can be used with 
slow memory. Hold causes the CPU to relinquish the bus 


a 
e 
oe: 
- 


| 


Ag_15 ; 
Vv, | 
ALE i 
" 
INTA 
ra 
er a an 
ie Lu} | F 
vad 
tups tHDH 
HLDA 


tHack 


FIGURE 5. 8085 INTERRUPT AND HOLD TIMING 


tuaBE 


when it is through with it by floating the Address and Data 


Buses. (See Figure 5). 


BUS FLOATING* 


tHaBE 


8085 INSTRUCTION SET Summary of Processor Instructions 


Mnemonic 


MOVr1.r2 
MOV M.r 
MOV r.M 
MVI r 
MVI M 
LXIB 


LXI D 


LXIH 


STAX B 
STAX D 
LDAX B 
LDAX D 
STA 
LDA 
SHLD 
LHLD 
XCHG 


Instruction Code[1] Clock{2] 
Description D7 Dg D5 Dq 03 De Dy Do Cycles } Mnemonic Description 
MOVE, LOAD. AND STORE STACK OPS 
Move register to register OF 10 DOD S$ $8 § 4 PUSH B Push register Pair B & 
Move register tomemory 0 1 1 1 0S S S 7 C on stack 
Move memory toregister 0 1DODO110 7 PUSH D Push register Pair D & 
Move immediate register 0 00D D110 7 ul ae 
Move immediate memory 0 0 41 1 0 1 71 0 10 PUSH Hi a Shas Pair H & 
Eoae immediate register O 0 0 0 0 0 0 1 10 PUSH PSW he ec Flags 
Pair B & © on stack 
Load immediate register OF 0 0 1 0 0 0 1 10 POP B Pop register Pair B & 
PairD&E C off stack 
Load immediate register O 0 10 00 0 41 10 POP D Pop register Pair D & 
Pair H & L E off stack 
Store A indirect 0 0 0 0 0 0-7 0 7 POP H Pop register Pair H & 
Store A indirect 000 10 0 1 0 7 L off stack 
Load A indirect 0.0 0 0 1.0 1.0 7 POP PSW Pop A and Flays 
Load A indirect 0001 1 0 1 ~0 yi off stack 
Store A direct Os Tt A Ol 2 i ie. S18 XTHL Exchange top of 
Load A direct O04 hk Boop 48 stack, H & L 
Store H & L direct 0010001 0 16 | SPHL H & L to stack pointer 
Load H&L direct 0010101 0 16 4 EXISP Load immediate stack 
ExchangeD&EH&L 1171101014 ~=4 poInte | 
Registers INX SP Increment stack pointer 
DCX SP Decrement stack 


pointer 
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1 


0 0 0 


Instruction Code{!} 
De D5 Ba D3 D2 DO; Do Cycles 


1 


0 


*10/M IS ALSO FLOATING DURING THIS TIME 


woh 


as 


wie 


mk 


— 


—s 


ss 


—_ 


a 


_ 


— 


Clock(2] 


IZ 


12 


8085 


8085 INSTRUCTION SET Summary of Processor Instructions (Cont.) 


Mnemonic Description 

JUMP 

JMP Jump unconditional 

JC Jump on carry 

JNC Jump on no carry 

JZ Jump on zero 

JNZ Jump on no zero 

JP Jump on positive 

JM Jump on minus 

JPE Jump on parity even 

JPO Jump on parity odd 

PCHL H & L to program 
counter 

CALL 

CALL Call unconditional 

CC Call on carry 

CNC Call on no carry 

CZ Call on zero 

CNZ Call on no zero 

cP Call on positive 

CM Call on minus 

CPE Cal! on parity even 

CPO Call on parity odd 

RETURN 

RET Return 

RC Return on carry 

RNC Return on no carry 

RZ Return on zero 

RNZ Return on no zero 

RP Return on positive 

RM Return on minus 

RPE Return on parity even 

RPO Return on parity odd 

RESTART 


RST Restart 
INCREMENT AND DECREMENT 


INR r Increment register 

DCR r Decrement register 

INR M Increment memory 

DCR M Decrement memory 

INX B Increment B & C 
registers 

INX D Increment D&E 
registers 

INX H IncrementH & L 
registers 

DCX B Decrement B & C 

DCX D Decrement D&E 

DCX H Decrement H & L 

ADD 

ADD r Add register to A 

ADC r Add register to A 
with carry 

ADD M Add memory to A 

ADC M Add memory to A 
with carry 

ADl Add immediate to A 

AC} Add immediate to A 


with carry 


ae rs es a a Se a i i on 


cs ee Cee Ce ree Cree Sn Gens CD 


ce in a ee <> a a ae) 


eek ce ee ne ews Coen Cee Cannon Crees Caamare pe on Co a on Sr Co a a a 7 


oOo CO CO & 


—_ = oo tot OO OOO CCC 


oD OT > a) a > > > <> >) 


ont s+ TO OO 


Oo 


om o> EE > o> oe a) 


oom =H OO HH OO 


oaQo- se OO Hs AH oO 


> 


on =] OO OC 


— 


oe 3 OO mM OH a Os =A OOH Oo = a =—_O8 =~ OO 4 O44 OO 


oOo Oo 7 OF 


Instruction Code[1] 
D7 Og Ds D4 D3 Do Dy Oo Cycles 


ooo c0.lmU[UNml OlLlUmcOllLUWDULUWO oe: sea eS SE as Se, ee as oo ovo oc. cococUcOlCUOlUwOD 


on a on a © 


ooono°onoclU6DlUmOlCUCUCOCUwCOD ooonolomolCOlUlUCOOCUCOUllUwOD on as ee as si st 


- Oo CO CO O&O 


(o> a > o> a > a > > ne oo ooo 0o°0°ooOo — SK o> ne se a > > a> a> > oe 


=—- = OO om OC 


Clock(2} 


Mnemonic Description 

DAD B AddB&CtoH&L 

DAD D Add D& EtoH&L 

DAD H AddH&LtoH&L 

DAD SP Add stack pointer to 
H&L 

SUBTRACT 

SUB r Subtract register 
from A 

SBB r Subtract register from 
A with borrow 

SUB M Subtract memory 
from A 

SBB M Subtract memory from 
A with borrow 

SUI Subtract immediate 
from A 

SBI Subtract immediate 
from A with borrow 

LOGICAL 

ANA r And register with A 

XRA ¢ Exclusive Or register 
with A 

ORA r Or register with A 

CMP r Compare register with A 

ANAM And memory with A 

XRA M Exclusive Or memory 
with A 

ORAM Or memory with A 

CMP M Compare memory with A 

ANI And immediate with A 

XRI Exclusive Or immediate 
with A 

ORI Or immediate with A 

CPI Compare immediate 
with A 

ROTATE 

RLC Rotate A left 

RRC Rotate A right 

RAL Rotate A left through 
carry 

RAR Rotate A right through 
carry 

SPECIALS 

CMA Complement A 

STC ~ Set carry 

CMC Complement carry 

DAA Decimal adjust A 

INPUT/OUTPUT 

IN Input 

OUT Output 

CONTROL 

EI Enable Interrupts 

DI Disable Interrupt 

NOP No-operation 

HLT Halt 


NEW 8085 INSTRUCTIONS 
RIM Read Interrupt Mask 
SIM Set Interrupt Mask 


NOTES: 1. DDD or SSS: B 000, C- 001. D- 010. E-011. H=100, L=101. Memory=110. A= 111. 
2. Two possible cycle times, (6/12) indicate instruction cycles dependent on condition flags. 
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instruction Code[t] 


Clock(2} 


D7 Dg Ds Da D3 Do O, Do Cycles 


ao Oo OC & 


oo — — 


CoO Oo & 


oO 0 & 


at CO het 


Oo © 


0010 0 1 ~~ 10 
0110 0 1~= «10 
1010 0 1 ~~ 10 
1° Fe Ae OP oe Ag 


1. Oe 2 iS) 4 
101685 8 $ 

1105 $ $ 4 
di ad oS Se 8 4 
1A ee ad 7 
Vo Os. ae ae ae 28 i 
iT) eo tly Oe 8g 7 
111 1 «71 ~«0 7 
te cB te SP 4a 7 
Os ae A a 7 
Le We Oe ak 7 
1 1 1 #1 «0 7 


ae ap 4 
sas a OS 4 
| ee ee ae) a | 4 
1) We GOS. de 4 


0 11 0 1 1 ~~ «10 
OP Oey ay 10 


ya A We on 4 
ee PO at a 4 
00 0 0 0 0 4 
Boas ls Sh re a) 
FOE Be ly: (Qe eG 4 
Bet SO ae 0 30) 4 


*All mnemonics copyright 
¢Intel Corporation 1977 


8085 


SYSTEM INTERFACE 


8085 family includes memory components, which are 
directly compatible to the 8085 CPU. For example, a 
system consisting of the three chips, 8085, 8155, 8355 will 
have the following features: 


2K Bytes ROM 

256 Bytes RAM 

1 Timer/Counter 

4 8-bit |/O Ports 

1 6-bit 1/O Port 

4 Interrupt Levels 

Serial In/Serial Out Ports 


This minimum system, using the standard I/O technique is 
as shown in Figure 6. 


In addition to standard I/O, the memory mapped !/O offers 
an efficient |/O addressing technique. With this technique, 
an area of memory address space is assigned for |/O 
address, thereby, using the memory address for I/O 
manipulation. Figure 7 shows the system configuration of 
Memory Mapped 1!/O using 8085. 


The 8085 CPU can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 8. 


TRAP 
RST7,5 
RST6,5 
RST5,5 
— eT INTR 
INTA 


ADDR/ 


ADDR DATA ALE RD WRIO/M 


10/M TIMER 


RESET acd 


Vss Vee Vpp PROG 
» 


Voc 


FIGURE 6. 8085 MINIMUM SYSTEM (STANDARD I/O TECHNIQUE) 
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8085 MINIMUM SYSTEM CONFIGURATION 


8085 


Vec 
= A8- ——|10/ ALE 
10/M A10 M 


8355 [ROM + 1/0} 
OR 
(RAM, 1/0, COUNTER/TIMER) 


8755 [PROM + I/O} 


vem 


FIGURE 7. MCS-85"" MINIMUM SYSTEM (MEMORY MAPPED I/O) 


pon Vss : 


me IN 
HOLD 


ADDR/ 
DATA ALE RD WR 10/M 


STANDARD 
MEMORY 


RESET 


10/M (CS) 


1/O PORTS, 
CONTROLS 


STANDARD 
1/0 


FIGURE 8. MCS-85™ MINIMUM SYSTEM (USING STANDARD MEMORIES) 
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8155 


“Directly Compatible With 8085 and 8048 CPU 


@ 256 Word x 8 Bits = 1 Programmable 6 Bit I/O Port 
m Single +5V Power Supply ™ Programmable 14 Bit Binary Counter/ 


= Completely Static Operation Timer 
@ Internal Address Latch @ Multiplexed Address and Data Bus 


m 2 Programmable 8 Bit I/O Ports m 40 Pin DIP 


The 8155 is a RAM and I/O chip to be used in the MCS-85™ and MCS-48™ microcomputer system. The RAM portion is 
designed with 2K bit static cells organized as 256 x 8. It has maximum access time of 400 ns to permit use with no wait states 
in 8085 CPU. 


The !/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14 bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system. It operates in binary countdown mode, and its timer modes are programmable. 


PIN CONFIGURATION BLOCK DIAGRAM 


Pc, [1 Vec 

Pc, Ch2 PC, 
TIMER IN [] 3 PC, joie 
RESET L] 4 PCy PAy~7 
Pc, (15 PB, 
oe ADy~7 256 X 8 
TIMER OUT [] 6 PB STATIC 

10/M L}7 PB, RAM 
cE []8 PB, CE ————__> 
RD 9 PB, ae ae PBy~7 
WR PB, 

ALE PB, RD 

AD, PBy _ 

AD, PA, PGise 

AD, PA, RESET 

AD, PA. 

AD, PA, i 

AD, PA, Veco (+5V) 

AD, PA, TIMER OUT Vgg (OV) 

AD, PA, 

Vs PA, 
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8155 FUNCTIONAL PIN DEFINITION 


The following describes the functions of all of the 8155 


pins. 


Symbol 


RESET 


CE or CE 


ALE 


10/M 


Function 


The Reset signal is a pulse provided 
by the 8085 to initialize the system. 
Input high on this line resets the chip 
and initializes the three I/O ports to 
input mode. 


These are 3-state Address/Data lines 
that interface with the CPU lower 8- 
bit Address/Data Bus. The _ 8-bit 
address is latched into the address 
latch on the falling edge of the ALE. 
The address can be either for the 
memory section or the I/O section 
depending on the polarity of the |O/M 
input signal. The 8-bit data is either 
written into the chip or Read from the 
chip depending on the status of 
WRITE or READ input signal. 


Chip Enable: Input high on this line 
enables the chip. The line has 
bonding option for input Low (CE). 


Inputlow on this line andahighonCE 
enable the ADo-7 buffers. If 1O/M pin 
is low, the RAM content will be read 
out to the AD bus. Otherwise the 
content of the selected I/O port will be 
read to the AD bus. 


Inputlow on this line andahighonCE 
Cause the data on the AD lines to be 
written to the RAM or I/O ports 
depending on the polarity of 1O/M. 


Address Latch Enable: This control 
signal latches both the address on the 
ADo-7 lines and the state of CE and 
|O/M onto the chip at the falling edge 
of ALE. 


1O/Memory Select: This line selects 
the memory if low and selects the IO if 
high. 
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Symbol 
PAo-7(8) 


PBo.7(8) 


PCo-5(6) 


TIMER IN 


TIMER OUT 


Vss 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the Command/ 
Status Register. 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the Command/ 
Status Register. 


These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the C/S Register. 
When PCo-5 are used as control 
signals, they will provide the follow- 
ing: 


PCo — A INTR (Port A Interrupt) 
PC1 — A BF (Port A Buffer full) 


PC2 — A STB (Port A Strobe) 


PC3 — B INTR (Port B Interrupt) 
PC4 — B BF (Port B Buffer Full) 
PC5 — B STB (Port B Strobe) 


This is the input to the counter timer. 


This pin is the timer output. This 
Output can be either a square wave or 
a pulse depending on the timer mode. 


+5 volt supply. 


Ground Reference. 


8155 


a a a 


OPERATIONAL DESCRIPTION 


The 8155 includes the following operational features: The 8-bit address on the AD lines, CE, and IO/M are all 
e 2K Bit Static RAM organized as 256 x 8 latched on chip at the falling edge of ALE. Therefore the 
¢ Two 8-bit I/O ports (PA & PB) and one 6-bit I/O port ALE signal should be activated (high) before the 

(PC) transistion of CE and |O/M signal, as shown in Figure 1.A 
° 14-bit binary down counter ened the |1O/M must be provided to select the memory 
section. 


The !/O portion contains four registers (Command/ 
Status, PAo-7, PBo-7, PCo-s5). The 1O/M (1O/Memory 
Select) pin selects the !/O or the memory (RAM) portion. 
Detailed descriptions of memory, !/O ports and timer 
functions will follow. 


1O/M ——— 
——— 
AD,> ADDRESS DATA VALID 
XK raravatio 


NOTE: FOR DETAILED TIMING DIAGRAM INFORMATION, SEE FIGURE 7 AND A.C. CHARACTERISTICS. 


me] 


FIGURE 1. MEMORY READ/WRITE CYCLE. 
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Bah pe ogee a ae 


PROGRAMMING OF THE COMMAND/ 
STATUS REGISTER 


The command register consists of eight latches one for 
each bit. Four bits (0-3) define the mode of the ports, two 
bits (4-5) enable or disable the interrupt from port C when 
it acts as control port, and the last two bits (6-7) are forthe 
timer. 


The C/S register contents can be altered at any time by 
using the I/O address XXXXX000 during a WRITE 
operation. The meaning of each bit of the command byte 
is defined as follows: 


DEFINES PAg7 
0 = INPUT 
1 = OUTPUT 


DEFINES PBo_7 


00 = ALT 1 
DEFINES PCo.5 ie : ree ; 


10 = ALT 4 


ENABLE PORT A 
INTERRUPT 1 = ENABLE 


ENABLE PORT B 0 = DISABLE 
INTERRUPT 


[ 00 = NOP — DO NOT AFFECT COUNTER 
OPERATION 
01 = STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 


RUNNING 
10 = STOP AFTER TC — STOP IMMEDIATELY 
TIMER COMMAND-— AFTER PRESENT TC IS REACHED (NOP 


iF TIMER HAS NOT STARTED) 


11 = START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
1S REACHED. 


FIGURE 2. COMMAND/STATUS REGISTER BIT 
ASSIGNMENT. 


READING THE COMMAND/STATUS 


REGISTER 


The status register consists of seven latches one foreach 
bit; six (0-5) for the status of the ports and one (6) for the 


status of the timer. 


The status of the timer andthe 1/O section can be polled by 
reading the C/S Register (Address XXXXX000). Status 


word format is shown below: 


AD7 ADg ADs ADqg AD3 AD? AD, ADo 


S< INTE] B |INTRJINTE] A INTR 
TIME 
DX IMERY a | BF | B | A | BEI A 


PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER OR STARTING 
NEW COUNT.) 


en Ce 


FIGURE 3. COMMAND/STATUS REGISTER STATUS 


WORD FORMAT. 
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INPUT/OUTPUT SECTION 


The I/O section of the 8155 consists of four registers as 
described below: 


¢ Command/Status Register (C/S) — This register is 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


When the C/S register is selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not 
accessible through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer become available on the ADo-7 lines. 


e PA Register — This register can be programmed to be 
either input or output ports depending on the 
status of the contents of the C/S Register. Also 
depending on the command, this port can operate in 
either the basic mode or the strobed mode (See timing 
diagram). The I/O pins assigned in relation to this 
register are PAg.7. The address of this register is 
XXXXX001. 


TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 


PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PBy.7. The address 
of this register is XXXXX010. 


PC Register — This register has the address XXXXX011 
and contains only 6-bits. The 6-bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD» and ADz3 bits of the C/S register. 


When PCo-5 is used as a control port, 3-bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
Output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. See Table 1. 


Input Port 
Input Port 
Input Port 
Input Port 
Input Port 
Input Port 


Output Port 
Output Port 
Output Port 
Output Port 
Output Port 
Output Port 


A INTR (Port A Interrupt) 
A BE (Port A Buffer Full) 
A STB (Port A Strobe) 
Output Port 
Output Port 
Output Port 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe) 
B INTR (Port B Interrupt) 
B BF (Port B Buffer Full) 
B STB (Port B Strobe) 


The set and reset of INTR and BF with respect to STB, WR and RD timing is shown in Figure 9. 


In the summary, the registers’ assignments are: 


XXXXXO000 | Internal | Command/Status Register 8 
XXXXX001 PAOo-7 | General Purpose !/O Port 
XXXXX010 | PBoO-7 | General Purpose I/O Port 
XXXXX011 PCo-5 | General Purpose |/O Port or 
Control Lines 


When the I/O ports are programmed to be output ports, 
the contents of the output ports can still be read by a 
READ operation when appropriately addressed. 


When the ‘C’ port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 


CONTROL INPUT MODE OUTPUT MODE 


BF Low Low 
INTR Low High 
STROB Input Control Input Control 
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TIMER SECTION 


The timer is a 14-bit counter that counts the ‘timer input’ 
pulses and provides either a square wave or pulse when 
terminal count (TC) is reached. 


The timer has the |/O address XXXXX100 for the low order 
byte of the register and the |/O address XXXXX101 for the 
high order byte of the register. 


The timer addresses serve a dual purpose. During WRITE 
operation, a COUNT LENGTH REGISTER (CLR) with a 
count length (bits 0-13) and a timer mode (bits 14-15) are 
loaded. During READ operation the contents of the 
counter (the present count) and the mode bits are read. 


To be sure that the right content of the counter is read, it is 
preferable to stop counting, read it, and then load it again 
and continue counting. 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 will specify the length of the next 
count and bits 14-15 will specify the timer output mode. 


There are four modes to choose from: 


0. Puts out low during second half of count. 

1. Square wave 

2. Single pulse upon TC being reached 

3. Repetitive single pulse everytime TC is readied and 
automatic reload of counter upon TC being reached, until 
instructed to stop by a new command loaded into C/S. 


Bits 6-7 of Command/Status Register Contents are used 
to start and stop the counter. There are four commands to 
choose from: 


Note: See the further description on Command/Status 
Register. 


C/S7 C/S6 
0 NOP — Do not affect counter operation. 


STOP — NOP if timer has not started; stop 
counting if the timer is running. 


1 0 STOP AFTER TC — Stop immediately after 
present TC is reached (NOP if timer has not 
started) 

1 1 START — Load mode and CNT length and 


start immediately after loading (if timer is 
not presently running). If timer is running, 
start the new mode and CNT length 
immediately after present TC is reached. 
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TIMER MODE MSB OF CNT LENGTH 


LSB OF CNT LENGTH 


FIGURE 4. TIMER FORMAT 


M2 M1 defines the timer mode as follows: 


M2 M1 

0 0 Puts out low during second half of 
count. 

0 1 Square wave, i.e., the period of the 
Square wave equals the count 
length programmed with auto- 
matic reload at terminal count. — 

1 0 Single pulse upon TC being 
reached. 

1 1 Automatic reload, i.e., single pulse 


everytime TC is reached. 
Note: In case of an asymmetric count, i.e. 9, larger half of 


the count will be high, the larger count will stay active as 
shown in Figure 5. 


4 
Jah 


Note: 5 and 4 refer to the number of clock cycles in that 
time period. 


FIGURE 5. ASYMMETRIC COUNT. 


8155 


8085 MINIMUM SYSTEM CONFIGURATION 


Figure 6shows that a minimum system is possible using only 
three chips: 


256 Bytes RAM 
2K Bytes ROM 
38 1/O Pins 

1 Interval Timer 
4 Interrupt Levels 


8085 


Lae ae ER (meena a oe a) a ee 
TIMER = A8- ~~ |!0/ 
RESET IN ALE 10/M 10 CE ALE JOWICLK RDY 


pe TIMER 
8355 {ROM + 1/0] 
CONTROL OR 
256 x 8 8755 [PROM + I/O} 
RAM 
| PB | [PA | 


FIGURE 6. 8085 MINIMUM SYSTEM CONFIGURATION. 


=! 0 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ 0°C to +70°C 
Storage Temperature ............... -65°C to +150°C 
Voitage on Any Pin 

With RespecttoGround ............... -0.3V to +7V 
Power Dissipation .......... ccc eee eee eee 1.5W 


8155 


Notice: Thi, : 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 


_ those indicated in the operational sections of this specifi- 


cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ty, = 0°C to 70°C; Voc = 5V + 5%) 


SYMBOL] PARAMETER MIN, MAX. TEST CONDITIONS 
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A.C. CHARACTERISTICS (tT, =0°C to 70°C; Veg = 5V + 5%) 


inal 3 
. Pecjf.... 
SUBjece to rication Som 
lar ar 'e 


tpr Port Input Setup Time 


a) 


trp Port Input Hold Time 150 pF Load 


a) 


tsBr Strobe to Buffer Full 

tss Strobe Width 

tRBE READ to Buffer Empty 

ts| Strobe to INTR On 

tro READ to INTR Off 

tpss Port Setup Time to Strobe Strobe 


pm) 


=) 


Frort input Soup Tine ——SSSSC*dC 
[Porcinput HoisTine ————SSS*dt S| 
Sirobe to Buffer Ful 
[srobewieth 
[READ to Buff Empty 
[srabefoiINTROn 


> 


=) 


tpHs Port Hold Time After Strobe 


S 


tsBE Strobe to Buffer Empty 

twBF WRITE to Buffer Full 

twi WRITE to INTR Off 

tT TIMER-IN to TIMER-OUT Low 
tTH TIMER-IN to TIMER-OUT High 


=) 
“ 


5 


5 
n 


n n 


tRDE Data Bus Enable from READ Control 


Nn 


Note: For Timer Input Specification, see Figure 10. 
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CE 


10/M 


ALE 


CE 


10/M 


ADo.7 


ALE 


| 


y te 7 /} 
Sug. 2e,,. qq 
A. READ CYCLE ecg Mig. 4) 


ADDRESS — DATA VALID 
esac 


: 7 , 7 fi 


ti, ——_ ‘RDF 


ti ¢ —— a Ter 


B. WRITE CYCLE 


ADDRESS xX -™ DATA VALID 
—_—— tow ——— ———_—_—_ te. ve 


FIGURE 7. 8155 READ/WRITE TIMING DIAGRAM. 
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BF 


STROBE 


INTR 


INPUT DATA 
FROM PORT 


BF 


STROBE 


INTR 


OUTPUT DATA 
TO PORT 


FIGURE 8. BASIC 1/O TIMING. 


spr 


A. STROBED INPUT MODE 


B. STROBED OUTPUT MODE 
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A. BASIC INPUT MODE 


trp 


INPUT 


DATA BUS* x 


B. BASIC OUTPUT MODE 


DATA BUS* 


OUTPUT 


*DATA BUS TIMING IS SHOWN IN FIGURE 7. 


FIGURE 9. STROBED I/O TIMING WAVEFORM. 


LOAD RELOAD 
COUNTER COUNTER —| 
FROM CLR FROM CLR 
COUNT 0 | 3 2 1 0 | 3 2 
% << ty — j~a—— ty 
2 
a TIMER-IN 
<< t, SS 
f} 
TIMER-OUT \ y, \ 
(PULSE) 
Ne meee ee fee 
———————- teyc ———_ > 
TIMER-OUT \ 
(SQ. WAVE) 7 
—-! se ial ews eared a — ——_ —_/ 
COUNTDOWN FROM 3 TO 0 

teye 320 ns MIN. 
ty 80 ns MIN. 
ty 120 ns MIN. 
to TIMER-IN TO TIMER-OUT LOW (TO BE DEFINED). 
tis TIMER-IN TO TIMER-OUT HIGH (TO BE DEFINED). 


FIGURE 10. TIMER OUTPUT WAVEFORM. 
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intel 
8355 
16,384 BIT ROM WITH I/O 


*Directly Compatible With 8085 and 8048 CPU 


m@ 2048 Words x 8 Bits @ Each I/O Port Line Individually 

= Single +5V Power Supply Programmable as Input or Output 
# Internal Address Latch = Multiplexed Address and Data Bus 
= 2 General Purpose 8 Bit I/O Ports m= 40 Pin DIP 


The 8355 is a ROM and |/O chip to be used in the MCS-85™ and MCS-48™ microcomputer system. The ROM portion is 
organized as 2048 x 8. It has maximum access time of 400 ns to permit use with no wait states in 8085 CPU. 


The I/O portion consists of two general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individ- 
ually programmable as input or output. 


PIN CONFIGURATION BLOCK DIAGRAM 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PBo~7 


| = (+5V) 
Veg (OV) 
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8355 FUNCTIONAL PIN DEFINITION 


Symbol Function Symbol Function 


ALE When ALE (Address Latch Enable) is CLK The CLK is used to force the READY 


= 


high, ADo-7, 1O/M, Ag-19, CE, and CE 
enter address latched. The signals 
(AD, |O/M, Ag-10, CE, CE) are latched 
in at the trailing edge of ALE. 


Bi-directional Address/Data bus. The 
lower 8-bits of the ROM or I/O 
address are applied to the bus lines 
when ALE is high. 


During an I/O cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or IOR is low when latched 
Chip Enables are active, the output 
buffers present data on the bus. 


These are the high order bits of the 
ROM address. They do not affect |/O 
operations. 


Chip Enable Inputs: CE is active low 
and CE is active high. The 8355 can be 
accessed only when BOTH Chip 
Enables are active at the time the ALE 
signal latches them up. If either Chip 
Enable input is not active, the ADo-7 
and READY outputs will be in a high 
impedance state. 


If the latched 1O/M is high when RD is 
low, the output data comes from an 
1/O port. If it is low the output data 
comes from the ROM. 


If the latched Chip Enables are active 
when RD goes low, the ADo-7 output 
buffers are enabled and output either 
the selected ROM location or I/O 
port. When both RD and /OR are high, 
the ADo-7 output buffers are tri- 
stated. 


If the latched Chip Enables are active, 
a low on IOW causes the output port 
pointed to by the latched value of ADg 
to be written with the data on ADo.7. 
The state of |1O/M is ignored. 


into its high impedance state after it 
has been forced low by CE low, CE 
high and ALE high. 


Ready is a tri-state output controlled 
by CE, CE, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE is high, 
and remains low until the rising edge 
of the next CLK (see Figure 4). 


These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data 
Direction Register (DDR). Port A is 
selected for write operations when 
the Chip Enables are active and IOW 
is low and a 0 was previously latched 
from ADo. 


Read operation is selected by |OR low 
when the Chip is enabled and ADg 
low. 


Alternately, 1|O/M high and RD low 
may be used in place of (OR when the 
chip is enabled and ADo is low to 
allow reading from a port. 


This general purpose 1t/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADo. 


An input high on RESET causes all 
pins in Ports A and B to assume input 
mode. 


When the Chip Enables are active, a 
low on IOR will output the selected 
I/O port onto the AD bus. IOR low 
performs the same function as the 
combination |O/M high and RD low. 


+5 volt supply. 
0 volt supply. 


8355 


FUNCTIONAL DESCRIPTION 


ROM Section a: ) [| “Hs 3 

The ROM section of the chip is addressed by an 11-bit ee e 

address and the Chip Enables. The address and levels on ios ae ae = . 4 

the Chip Enable pins are latched into the address latches pe le E ot 

on the falling edge of ALE. If the latched Chip Enables are Sa = Be 

active and |O/M is low when RD goes low, the eight output eee: z S 
< 


bits of ROM addressed by the latched address are put out 
through ADo-7 output buffers. 


1/O Section 


The 1/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers in 8355 
determine the input/output status of each pin in the 
corresponding ports. A O specifies an input mode, anda 1 
specifies an output mode. The table summarizes port and 
DDR designation. DDR’s cannot be read. 


8355 
(2K BYTES) 


0 : 

0 

1 . Port A Data Direction Register (DDR A) 
1 Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are active, the ae eae Se RE ean 
data on the ADg.7 is written into I/O port selected by the ia ae a ee ee 
latched value of ADo-}. 


8355 
(2K BYTES) 


During this operation all I/O bits of the selected port are 
affected, regardless of their |/O mode and the state of 
10/M. The actual output level does not change until 1OW 
returns high (glitch free output). 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with |O/M high, or IOR goes 
low. Both input and output mode bits of aselected port will 
appear on lines ADp-7. 


System Interface with 8085 


A system using the 8355 can use either one of the two I/O 
Interface techniques: 


e Standard 1/O 
e Memory Mapped I/O 


8355 
(2K BYTES) 


If astandard I/O technique is used, the system can use the 
feature of both CE and CE. By using a combination of 
unused address lines Aj4-45 and the Chip Enable inputs, 
the 8085 system can use up to 5 each 8355's without 
requiring a CE decoder. See Figure 1. 


8355 
(2K BYTES) 


Ag-15 


Note: Use CE for the first 8355 in the system, and CE for 
the other 8355’s. Permits up to 5 ea. 8355's ina 
system without CE decoder. FIGURE 1. 8355 IN 8085 SYSTEM (STANDARD I/O). 
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8355 


lf amemory mapped I/O approach is used the 8355 will be 
selected by the combination of both the Chip Enables and 
|O/M using the ADg-15 address lines. See Figure 2. 


FIGURE 2. 8355 IN 8085 SYSTEM 
(MEMORY-MAPPED 1/0). 


System Interface with 8048 


The 8355 contains an 8-bit address latch which allows it to 
interface directly to MCS-48 Microcomputers without 
additional hardware (Figure 3). Program memory is 
accessed by applying 11-bits of address to the Agp—Aji9 
inputs and a low level on the 10/M and CE inputs then 


10-78 


latching these inputs with ALE. The CE input serves to 
select one of several possible 8355s in a system and the 
1O/M signal indicates that a subsequent read operation 
will be from program memory. While ALE is high the Ag— 
A1io, |1O/M, and CE inputs are allowed into the 8355 and 
when ALE is brought low, these inputs are latched. If the 
latched conditions indicate that a program memory fetch 
is to occur, a low level on RD will cause the data to be 
outputted on the data bus. 


1/0 


INPUTS 


FIGURE 3. INTERFACE TO MCS-48™ 
MICROCOMPUTERS 


Programming 


See ROM programming instructions, page 3-55. 


=“ Ft 
8355 Notice: ae ie VINARY 
i ints tint spectticatzn, Some 


parametric limits are Subject to change. 
ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature UnderBias ................ 0°C to +70°C tion of the device at these or any other conditions above 
Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With RespecttoGround ............... -0.3V to +7V rating conditions for extended periods may affect device 
Power Dissipation ......... 0... cc cece ee eee 1.5W reliability. 


D.C. CHARACTERISTICS (tT, = 0°C to 70°C; Voc = 5V + 5%) 


SYMBOL} PARAMETER } MIN, MAX. UNITS TEST CONDITIONS 


Vit Input Low Voltage 


Output Low Voltage 


he Input Leakage 


lec Vec Supply Current 


lo = 2mA 

loy = -400uA 

Vin = Vee to OV 
0.45V <Vout <Vec 


‘= 


S 
od 


A.C. CHARACTERISTICS (Ty =0°C to 70°C; Voc = 5V + 5%) 


trvu READY HOLD TIME 
tan ADDRESS (CE) to READY 


—_ 
NQ 
© 


try Recovery Time between Controls 300 


tRpDE Data Out Delay from READ Control 


) 


SYMBOL| PARAMETER |_oMIN. | MAX. | units | TEST CONDITIONS 
a 
taAL Address to Latch Set Up Time 2 ae ae 
PReapyHouTime | 
| ADDRESS (CE)toREADY ec 
| Recovery Time between Controls 
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FIGURE 4. CLOCK SPECIFICATION FOR 8355. 


al teve OO 
Ty 
CLK 


A 
8-10 
10/M ( ADDRESS 


tap 


ADo.7 ( ADDRESS ) [ DATA ) 


92 
”_A De. 


FIGURE 5. ROM READ AND I/O READ AND WRITE. 
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CLK 


ALE 


FIGURE 6. WAIT STATE TIMING (READY = 0). 


A. INPUT MODE 


PB. OUTPUT MODE 


1OW 


GLITCH FREE 


Pe OUTPUT 


PORT 
OUTPUT 


*DATA BUS TIMING !S SHOWN IN FIGURE 3. 


FIGURE 7. 1/O PORT TIMING. 
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intel 
8755 
16,384 BIT EPROM WITH I/O 


*Directly Compatible With 8085 and 8048 CPU 


m 2048 Words x 8 Bits m 2 General Purpose 8 bit I/O Ports 

m Single +5V Power Supply (Vcc) — m Each 1/O Port Line Individually 

m U.V. Erasable and Electrically Repro- Programmable as Input or Output 
grammable = Multiplexed Address and Data Bus 

m Internal Address Latch m= 40 Pin DIP 


The 8755 is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the MCS-85™ 
and MCS-48™ microcomputer system. The PROM portion is organized as 2048 x 8. It has maximum access time of 400 ns to 
permit use with no wait states in 8085 CPU. 


The I/O portion consists of two general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individ- 
ually programmable as input or output. 


PIN CONFIGURATION BLOCK DIAGRAM 


PROG AND CE [J CLK 


CE [J 
CLK LJ READY 
RESET [| | 
BEDE a PORTA 
1OR LJ 
RDC cS 2K X8 
iow 10/M PROM 
ALE (J ALE PORT B 
ADy (1 ab PBo~7 
oe lOW 
AD, [] 
aD, (7 RESET 
AD, iOR 
ADs; [] 
ADs (] pat 
PROG/CE Veo (+5V) 
AD, 


Vp D 
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8755 


8755 FUNCTIONAL PIN DESCRIPTION 


Symbol 
ALE 


ADo-7 


Ag-10 


CE/PROG 
CE 


lO/M 


CLK 


READY 


PAo.7 


Function 


When Address Latch Enable is high, 
ADo-7, 1O/M, Ag-10, CE, and CE enter 
the address latches. The signals (AD, 
10/M, Ag-19, CE) are latched in at the 
trailing edge of ALE. 


Bi-directional Address/Data bus. The 
lower 8-bits of the PROM or 1/O 
address are applied to the bus lines 
when ALE is high. 


During an I/O cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or IOR is low when the 
latched Chip Enables are active, the 
output buffers present data on the 
bus. 


These are the high order bits of the 
PROM address. They do not affect 
|/O operations. 


CHIP ENABLE INPUTS: CE is active 
low and CE is active high. Both chip 
enables must be active to permit 
accessing the PROM. CE is also used 
as a programming pin (see section on 
programming). 


If the latched |O/M is high when RD is 
low, the output data comes from an 
1/O port. If it is low the output data 
comes from the PROM. 


If the latched Chip Enables are active 
when RD goes low, the ADg.7 output 
buffers are enabled and output either 
the selected PROM location or I/O 
port. When both RD andIOR are high, 
the ADo-7 output buffers are tri- 
stated. 


If the latched Chip Enables are active, 
a low on IOW causes the output port 
pointed to by the latched value of ADo 
to be written with the data on ADo-7. 
The state of 1O/M is ignored. 


The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low, CE 
high, and ALE high. 


READY is a 3-state output controlled 
by CE, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE ts high, 
and remains low until the rising edge 
of the next CLK (see Figure 2.). 


These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data 
Direction Register (DDR). Port A is 
selected for write operations when 
the Chip Enables are active and IOW 
is low and a O was previously latched 
from ADo. 
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Read operation is selected by either 
IOR low and active Chip Enables and 
ADg low, or 1O/M high, RD low, active 
Chip Enables, and ADg low. 

This general purpose I/O port is 


identical to Port A except that it is 
selected by a 1 latched from ADo. 


PBo-7 


RESET In normal operation, an input high on 
RESET causes all pins in Ports A and 
B to assume input mode (clear DDR 


register). 


IOR When the Chip Enables are active, a 
low on JOR will output the selected 
1/O port onto the AD bus. IOR low 
performs the same function as the 
combination of 10/M high and RD 
low. When IOR is not used in a 
system, IOR should be tied to Voc 
a Ba 

+5 volt supply. 

Ground Reference. 


Vpp is a programming voltage, and it 
is normally grounded. 


For programming, a high voltage is 
supplied with Vpp, = 25V, typical. 


FUNCTIONAL DESCRIPTION 
PROM Section 


The 8755 contains an 8-bit address latch which allows it to 
interface directly to MCS-48 and MCS-85 Microcom- 
puters without additional hardware. 


The PROM section of the chip is addressed by the 11-bit 
address and CE. The address, CE and CE are latched into 
the address latches on the falling edge of ALE. If the 
latched Chip Enables are active and 1O/M is low when RD 
goes low, the contents of the PROM location addressed by 
the latched address are put out on the ADo-7 lines. 


1/O Section 


The !/O section of the chip is addressed by the latched 
value of ADp.y. Two 8-bit Data Direction Registers 
determine the input/output status of each pin in the 
corresponding port. A 0 specifies an input mode, and a 1 
specifies an output mode. The table summarizes port and 
DDR designation. Contents of the DDR’s cannot be read. 


AD; ADg Selection _ 
0 O PortA 
0 1 Port B 
1 0 Port A Data Direction Register (DDR A) 
1 1 Port B Data Direction Register (DDR B) 


8755 


ice hee NAR 


Notice: This is ae 
BPTI limits are subject pbblrade Sor 


ange, 


When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into I/O port selected by the 
latched value of ADp.;. During this operation all 1/O bits of 
the selected port are affected, regardless of their |/O mode 
and the state of 1O/M. The actual output level does not 
change until [OW returns high. (glitch free output). 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with!O/M high, or IOR goes 
low. Both input and output mode bits of aselected port will 
appear on lines ADo-7. 


ERASURE CHARACTERISTICS 


The erasure characteristics of the 8755 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-40004 
range. Data show that constant exposure to room level 
flourescent lighting could erase the typical 8755 in 


SYSTEM APPLICATIONS 


approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 8755 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 8755 
window to prevent unintentional erasure. 


The recommended erasure procedure (see page 3-55) for 
the 8755 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure time 
with this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000UW/cm2 power rating. The 
8755 should be placed within one inch from the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
and this filter should be removed before erasure. 


PROGRAMMING 
See the EPROM programming section, page 3-55. 


ALE 
PSEN 
wR 
8048 RD 


TEST 1/0 
INPUTS 


FIGURE 1. INTERFACE TO MCS-48™ MICROCOMPUTERS 


10/M 
ALE i0W READY CE 
* 


*USE CE FOR FIRST 8755 IN SYSTEM, AND CE FOR OTHERS. 
BY CONNECTING CE OF EACH 8755 CHIP TO EACH OF Ai 
THROUGH Ajc, THE MINIMUM SYSTEM CAN USE 5-8755's 
(10K BYTES) WITHOUT REQUIRING CE DECODER. 


| 


CLK (¢2) 


READY © 
10/M 
V, 


ALE OW READY CE 


8755 


FIGURE 2. 8755 IN 8085 SYSTEM 
(STANDARD 1/0). 
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FIGURE 3. 8755 IN 8085 SYSTEM 
(MEMORY-MAPPED 1/0). 


8755 i RELIMINARY 


Otice: This j 
. . ! 
metric limits are Subject to nana a 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias .............. -10°C to +70°C tion of the device at these or any other conditions above 
Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With RespecttoGround ............... -0.5V to +7V rating conditions for extended periods may affect device 
POWELOISSIDALION’ <.4527055205 2 eee eee ess 1.5W reliability. 


D.C. CHARACTERISTICS (Tp, = 0°C to 70°C; Voc = 5V + 5%) 


SYMBOL| PARAMETER 
ViL Input Low Voltage 


> 
x< 


UNITS TEST CONDITIONS 


NO 
(o) 


Vin Input High Voltage 
Output Low Voltage loL = 2mA 

H = -400”uA 

= Vcc to OV 


0.45V <Vout <Vcc 


VoH Output High Voltage 
ie Input Leakage 


= 
z2 


lLo Output Leakage Current 


& 

~ 
‘ 2 
° . A 


lec Vec Supply Current 


3 


o 


A.C. CHARACTERISTICS (tT, = 0°C to 70°C; Vcc = 5V + 5%) 


tLL Latch Enable Width 
tRor Data Bus Float after READ 
te. READ/WRITE Control to Latch Enable 


oe 


S 


i) 


trv Recovery Time between Controls 


tRpE Data Out Delay from READ Control 


tec READ/WRITE Control Width 

tow Data In to WRITE Set Up Time | 150 | 
[Recovery Time between Controls 
[ Data Out Delay from READ Control 


Ww 
oO 
se 
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FIGURE 3. CLOCK SPECIFICATION FOR 8755 


> 
t 
Oo 
in 


ADDRESS 


tad 
\/ 
ADo.7 (| ADDRESS > tC) (| DATA ) 


FIGURE 4. PROM READ AND I/O WRITE TIMING. 
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ty 9p. b, 
“6, “Pe,,. ‘ aq 
A. INPUT MODE : “e0g Ming | Ay 
| ”. So 


B. OUTPUT MODE 


low 


GLITCH FREE 


Pe OUTPUT 


DATA* 
BUS 


*DATA BUS TIMING IS SHOWN IN FIGURE 4. 


FIGURE 5. 1/O PORT TIMING. 


CLK 


~ i 
ALE 


taRY —> <«— tryy 


FIGURE 6. WAIT STATE TIMING (READY = 0). 
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intel 
8101A-4 


1024 BIT STATIC MOS RAM 
WITH SEPARATE 1I/O 


* 450 nsec Access Time Maximum 
* 256 Word by 4 Bit Organization 


= Single +5V Supply Voltage = Powerful Output Drive Capability 
= Directly TTL Compatible: All Inputs and @ Low Cost Packaging: 22 Pin Plastic Dual 
Outputs In-Line Configuration 


= Static MOS: No Clocks or Refreshing m Low Power: Typically 150mW 


Required m Three-State Output: OR-Tie Capability 
5 ee Memory Expansion: Chip Enable —g_ Output Disable Provided for Ease of Use 
npu 


in Common Data Bus Systems 


The Intel® 8101A-4 is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated 
on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. 
The data is read out nondestructively and has the same polarity as the input data. 


The 8101A-4 is designed for memory applications where high performance, low cost, large bit storage, and simple 
interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy 
selection of an individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs 
can be tied for common I/O systems. The output disable function eliminates the need for bi-directional logic ina common 
I/O system. 


The Intel® 8101A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of high performance, easy-to-use MOS circuits and provides a higher functional density ona monolithic chip 
than either conventional MOS technology or P-channel silicon gate technology. 


Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


Ag 0 © —— 
Ajo @ = 
2 CELL ARRAY 
Age @ > ame pete 32 ROWS 
5 DO; @ 32 COLUMNS 
6 8101A-4 As 8101A-4 A30 a >a 
A; DO, Aa © > a 
DI, R/W COLUMN 1/0 CIRCUITS 
DI oe ©) COLUMN SELECTOR 
2 Di, 
DI 
Dt, oi B00; 
4 
Dl3 ° e) Lu ®, DO2 
RAW CE2 CEI Dis ©) De OD 62 
= 
CE 1. oDO,4 
PIN NAMES = @ 
2 o— 
DI,-Dl, DATA INPUT CE, CHIP ENABLE 2 OD o O = PIN NUMBERS 
Aj-A7 ADDRESS INPUTS OD OUTPUT DISABLE 


RAW READ/WRITE INPUT 
cE, CHIP ENABLE 1 


DO,-DO, DATA OUTPUT 
Veg POWER (+5V) 
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8101A-4 


ABSOLUTE MAXIMUM RATINGS* 


ba Se -10°C to 80°C 
-65°C to +150°C 


Ambient Temperature Under Bias 


Storage Temperature 


Voltage On Any Pin 
With Respect to Ground 


Power Dissipation 


“COMMENT: 


Stresses above those listed under "Absolute Maximum 
Rating''may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = 5V +5% unless otherwise specified. 


“oe 

i | InputCurrent | Tt t0 | [Vy = 0 t0 8.250 

ILOL 1/O Leakage Current[2] | | td [ -t0 | ga | Output Disabled, Voyt=0.45V 

leds Power Supply | fas | 55 | ma Vin = 5.25V, Io = OMA 
Current Ta = 25°C 

lec? Power Supply ff ao | ma Vin = 5.25V, lo = OMA 
Current Ta =O0°C 

ViL Input ‘‘Low”’ Voltage /-05} — | 40.8 | V 

Vin Input “High” Voltage | 2.0, Vec Va 

VoL Output “‘Low”’ Voltage oes +0.45 V lor = 2.0mA oe 

Vou Output “High” a — 
Voltage 2.4 4 V lon = -400nA 


TYPICAL D.C. CHARACTERISTICS 


OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 


AMBIENT TEMPERATURE 


RB 
Were] [| [| 
Va 


lon (mA) 


Von (VOLTS) 


NOTES: 1. 


2. Input and Output tied together. 
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OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 


\A A 
AMBIENT TEMPERATURE = 0°C Cee 


SREY ARE 
CLA, 
Yn | | 
WMA 


Vec = 4.75V 
OUTPUT “LOW” TYPICAL 


15 


Vor (VOLTS) 


Typical values are for Ta = 25°C and nominal supply voltage. 


8101A-4 


A.C. CHARACTERISTICS 
READ CYCLE Ta, = 0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


Test Conditions 


Parameter 
Read Cycle | 
Access Time 

Chip Enable To Output 
Output Disable To Output 
Data Output to High Z State 


Previous Read Data Valid 
after change of Address 


(See Below) 


WRITE CYCLE 


Symbol Parameter in. : Test Conditions 
twc Write Cycle 

taw Write Delay 

tow Chip Enable To Write 

tow Data Setup (See Below) 
tpoH Data Hold 


twp Write Pulse 


twr Write Recovery 
tos Output Disable Setup 


[3] 
A.C. CONDITIONS OF TEST CAPACITANCE — Ta = 25°C, f= 1MHz 
ete ea eh eae Geers whe 20 ns 
Input Levels:..6 suv tue dae twew es 0.8V or 2.0V Test 
Timing Reference ........-22005 eee eee 1.5V put Capacitance 
LO ad echo bce nae wee 1 TTL Gate and C, = 100 pF 
ia ° maces (All Input Pins) Viy = OV a : 
Output Capacitance Voyt = OV Pe 
WAVEFORMS 
READ CYCLE WRITE CYCLE 


ADDRESS ADDRESS 


CEI 


CE2 


RW 


INOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. tpF is with respect to the trailing edge of CE;, CEs, or OD, 
whichever occurs first. 4. OD should be tied low for separate !/O operation. 


3. This parameter is periodically sampled and is not 100% tested. 
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intel 
8102A-4 


1024 BIT FULLY DECODED STATIC MOS 
RANDOM ACCESS MEMORY 


=» Access Time —450ns Max. s Simple Memory Expansion — Chip 

= Single +5 Volts Supply Voltage Enable Input 

= Directly TTL Compatible — All Inputs = Fully Decoded — On Chip Address 
and Output Decode 

= Static MOS — No Clocks or = Inputs Protected — All Inputs Have 
Refreshing Required Protection Against Static Charge 

= Low Power — Typically 150 mW = Low Cost Packaging — 16 Pin Plastic 

= Three-State Output — OR-Tie Dual-In-Line Configuration 
Capability 


The Intel°8102A-4 is a 1024 word by one bit static random access memory element using normally off 
N-channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and there- 
fore requires no clocks or refreshing to operate. The data is read out nondestructively and has the same 
polarity as the input data. 

The 8102A-4 is designed for microcomputer memory applications where high performance, low cost, large 
bit storage, and simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip 
enable (CE) lead allows easy selection of an individual package when outputs are OR-tied. 

The Intel 8102A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon- 
olithic chip than either conventional MOS technology or P-channel silicon gate technology. 


Intel's silicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


Din 
CELL 
A ARRAY 
4 29 ei ecion 32 ROWS 
8102A-4 © 32 COLUMNS 
A30 
A,O >= 


COLUMN | couumseuecron | 


@) NZ DATA 
R/IWO >a COLUMN 1/0 CIRCUITS —=—9 out 
INPUT 
L 


Ro) CONTRO 
oar oO S54 


gas: ©) — ble ted lee) —e 
Din DATA INPUT CE CHIP ENABLE / As 1 1 l\ 
Ag Ag ADDRESSINPUTS | Doyy DATA OUTPUT @| q @| @ 
RW READ/WRITE INPUT | Vcc POWER (+5V) @pinnunsees d 


oe he ne As Ag 
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8102A-4 


ABSOLUTE MAXIMUM RATINGS* 


“COMMENT: Stresses above those listed under “Absolute 


Ambient Temperature Under Bias —10°C to 80°C 


Maximum Ratings’’ may cause permanent damage to the 


device. This is a stress rating only and functional opera- 


Storage Temperature —65°C to +150°C 


Voltage On Any Pin 


With Respect To Ground —0.5V to +7V 


tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 


rating conditions for extended periods may affect device 


Power Dissipation 1 Watt 


D.C. AND OPERATING CHARACTERISTICS 


T, = 0°C to +70°C, Voc = 5V +5% unless otherwise specified 


reliability. 


LIMITS 
SYMBOL PARAMETER win. | tye.) UNIT 
INPUT LOAD CURRENT 
(ALL INPUT PINS) 
Liat | OUTPUT LEAKAGE CURRENT | | 5 [| nA | 
leoe OUTPUT LEAKAGE CURRENT [| | | -10 | nA | 
laa POWER SUPPLY CURRENT i 
lanes POWER SUPPLY CURRENT inl 
Vin INPUT “HIGH” VOLTAGE 20 | 
VoL OUTPUT “LOW” VOLTAGE aa 


(1) Typical values are for Ta= 25°C and nominal supply voltage. 


TYPICAL D.C. CHARACTERISTICS 


POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 


lee (mA) 
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TEST CONDITIONS 


Vin= 0 to 5.25V 


CE = 2.0V, Vout = 2.4 to Vcc 


ALL INPUTS = 5.25V 
DATA OUT OPEN 
Ty = 25°C 

ALL INPUTS = 5.25V 
DATA OUT OPEN 

T, = 0°C 


lo, = 2.1mA 
Ton= —100HA 


POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 


Veg (VOLTS) 


8102A-4 


A.C. CHARACTERISTICS T, =0°C to 70°C, V.. = 5V +5% unless otherwise specified 


Parameter 


Write Cycle 
Address to Write Setup Time 
Write Pulse Width 


Write Recovery Time 


wW w 


Ghae 


A.C. CONDITIONS OF TEST 


Input Pulse Levels: 0.8 Volt to 2.0 Volt 
Input Rise and Fall Times: 10nsec Cin 
Timing Measurement Inputs: 1.5 Volts 


Reference Levels Output: 0.8 and 2.0 Volts 
Output Load: 1 TTL Gate and Cy = 100 pF 
NOTE: 2. This parameter is periodically sampled 
and is not 100% tested. 
WAVEFORMS 
READ CYCLE WRITE CYCLE 


tac 


aided CHIP 
ENABLE ENABLE 
‘on? 
tla 
ee - » READ/ 
vee WRITE 
@ 15 VOLTS | ton; ei 
@ 2.0 VOLTS 
ATA CAN 
(3) O08 VOLTS DATA DATA CAN D 


IN CHANGE CHANGE 


DATA STABLE 
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8102A-4 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


low (mA) 


Ving (VOLTS) 


OUTPUT SOURCE CURRENT VS. 


OUTPUT VOLTAGE 


7 Neb hee 


| < 
Ne 
oN 


‘CCENS 


Von (VOLTS) 


Vin LIMITS VS. TEMPERATURE 


ACCESS TIME VS. 
AMBIENT TEMPERATURE 
Veg MIN. 


1 TTL LOAD 
C, = 100pF 


EVELS: Voy = 
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lo, (mA) 


NORMALIZED ACCESS TIME 


ty (ns) 


OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 


30 


i eae | 
: aioe 
15 LI 
: le! 
| = 
0 1 2 3 
Vo. (VOLTS) 
ACCESS TIME VS. Vec 
NORMALIZED TO Vcc = 5.0V 
1.05 
T, = 70°C 
CYCLE TIME = 350ns 
1.00 
0.95 


4.0 45 5.0 5.5 6.0 


Veg (VOLTS) 


ACCESS TIME VS. 
LOAD CAPACITANCE 
Ty = 25°C 


Veg MIN. 
1 TTL LOAD 


OUTPUT REFERENCE LEVEL = 1.5V 


intel 
8111A-4 


1024 BIT STATIC MOS RAM 
WITH COMMON 1/0 


* 450 nsec Access Time Maximum 
* 256 Word by 4 Bit Organization 


@ Single +5V Supply Voltage = Powerful Output Drive Capability 

= Directly TTL Compatible: All Inputs = Low Cost Packaging: 18 Pin Plastic Dual 
and Outputs In-Line Configuration 

@ Static MOS: No Clocks or Refreshing @ Low Power: Typically 150mW 
Required = Three-State Output: OR-Tie Capability 


= Simple Memory Expansion: Chip Enable 


= Output Disable Provided for Ease of Use 
Input 


in Common Data Bus Systems 


The Intel® 8111A-4 is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated 
on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. 
The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 8111A-4 is designed for memory applications in small systems where high performance, low cost, large bit storage, 
and simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow 
easy selection of an individual package when outputs are OR-tied. 


The Intel® 8111A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip 
than either conventional MOS technology or P-channel silicon gate technology. 


Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


rae, >a vee 
Pe: > ee an 
@) ROW MEMORY ARRAY 
Axe saan Brena 32 ROWS 
@) 32 COLUMNS 
Ave >a 
ago 
ease 
igo 
1/O2 Ae) 
ee 
1/04 © 
PIN NAMES _ 
Saar ome mS =E=O GES 5) 
Ao-Az ADDRESS INPUTS CE, 

| OD OUTPUT DISABLE me 

| RW READ/WRITE INPUT _| ? 

[ CE, CHIP ENABLE 1 oD : © = PIN NUMBERS 

__CE2 CHIP ENABLE 2 _ 

1/04- 1/04 DATA INPUT/OUTPUT | 
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8111A-4 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 


Storage Temperature 


Voltage On Any Pin 
With Respect to Ground 


Power Dissipation 


“COMMENT: 


Stresses above those listed under "Absolute Maximum 
Rating’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification Is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = 5V +5% , unless otherwise specified. 


Symbol Parameter | Min. | Typ. [1] | Max. | Unit Test Conditions 
lt Input Load Current ee Vin = 0 to 5.25V 
ILOH 1/O Leakage Current ee ee ee ee Output Disabled, Vijjo=4.0V 
lLou 1/O Leakage Current fF ft | -10 | A Output Disabled, Vio =0.45V 
lec Power Supply an Vin = 5.25V 

Current lo = OMA, Ta = 25°C 
lec2 Power Supply m Vin = 5.25V 

m 

Current lo = OMA, Ta = O°C 
Vin | Input High Voltage E20 | ve 
Vou. | Output Low Voltegs ee 
V ee 2.4 V lon = -400UA 

OH Voltage ; OH” : 
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
x AMBIENT TEMPERATURE 
-15 
oil we ed 
AN 
i -10 Z 
: 3 
-5 Vane 
OUTPUT “LOW” TYPICAL 
0 
Von (VOLTS) Vor (VOLTS) 
NOTE: 1. Typical vatues are for Ta = 25°C and nominal supply voltage. 
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8111A-4 


A.C. CHARACTERISTICS 
READ CYCLE Ta, =0°C to 70°C, Vcc = 5V £5%, unless otherwise specified. 


Symbol Parameter Test Conditions 
tre Read Cycle | 

ta Access Time | 

tco Chip Enable To Output 

top Output Disable To Output (See Below) 
tor [21 Data Output to High Z State 


: Previous Read Data Valid 
On after change of Address 
WRITE CYCLE 


bret == GPE Test Conditions 


—d 


WC Write Cycle 


tow Data Setup ss i 

twp Write Pulse 250 ns 

tos Output Disable Setup | 20] ff ons 
A.C. CONDITIONS OF TEST CAPACITANCE Tq = 25°C, f= 1MHz 
ttt bas oie es ew ee ee ee ee eS 20 ns Limits (pF) 
Input Levels... ..........0000% 0.8V or 2.0V Test Typ! Typ! 
Timing Reference ............000000- 1.5V 


ar Input Capacitance 
Odd: 5 Gretta thee 1 TTL Gate and C, = 100 pF 
ici al 7 (All Input Pins) Ving, = OV a 


1/0 Capacitance Vijo = OV | 10 | 


WAVEFORMS 
READ CYCLE WRITE CYCLE 


CHIP = tco ——> CHIP 
ENABLES ENABLES 
(CE1, CE) (CE,. CE.) 
| 
OUTPUT ton i [+ DISABLE 
DISABLE 
ah oe re OF 
DATA 1/0 DATA OUT DATA 1/0 


VALID 


READ/ 
WRITE 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. tp is with respect to the trailing edge of CE1, CE, or OD, whichever occurs first. 
3. This parameter is periodically sampled and is not 100% tested. 
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intel 


8308 


8192 BIT STATIC MOS 


m Fast Access Time: 450 ns 
= Standard Power Supplies: +12V, +5V 
= TTL Compatible: All Inputs and Outputs 


= Programmable Chip Select Input for 
Easy Memory Expansion 


READ ONLY MEMORY 


= Three-State Output: OR-Tie Capability 


= Fully Decoded: On Chip Address 
Decode 


@ Inputs Protected: All lnputs Have Protec- 
tion Against Static Charge 


= Pin Compatible to 8708 PROM 


The Intel® 8308 is a 8192 bit static MOS read only memory organized as 1024 words by 8-bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 


The inputs and outputs are TTL compatible. The chip select input (CS2/CS2) is programmable. An active high or low level 
chip select input can be defined by the designer and the desired chip select logic level is fixed at Intel during the masking pro- 
cess. The programmable chip select input, as well as OR-tie compatibility on the outputs, facilitates easy memory expansion. 
The pin compatible UV erasable 8708 PROM is available for initial system prototyping. 


The 8308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer 


with high performance, easy-to-use MOS circuits. 


PIN CONFIGURATION 


24 LJ Vcc 
23 } Ag 
221 | Ag 
211 _ J Vee 
20{ ] cs1 


191 J} pp 


18[ ] cs2/cs2!! 


AoL1s 17[7] 0g NA 

O:1LJ}9 16 {_J 07 Ag - Ag 
ADDRESS ~— 

O2[ J 10 15 [J 6 INPUTS 


147 J Os 


13f }O, 


PIN NAMES 
Ag-Ag ADDRESS INPUTS 
01-Og DATA OUTPUTS 
CS CHIP SELECT INPUT 
CS2/CS2l1]! PROGRAMMABLE CHIP SELECT INPUT 


cS} ———+» 


cs2/CcS2 ———> 


BLOCK DIAGRAM 


DATA OUTPUT 
O, =O, 


-—__t—_—_, 


OUTPUT BUFFERS 


Y GATING 


64 X 128 
ROM ARRAY 


CHIP SELECT 
LOGIC 
Y 
DECODER 


x 
DECODER 


NOTE 1. The CS2/CS2 LOGIC LEVELS MUST BE SPECIFIED BY THE USER AS 
EITHER A LOGIC 1 [Viy,) OR LOGIC 0 (Wj). A LOGIC 0 SHOULD 


BE SPECIFIED IN ORDER TO BE COMPATIBLE WITH THE 8708. 
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8308 


ABSOLUTE MAXIMUM RATINGS* 


*COMMENT 
Ambient Temperature Under Bias...... -25°C to +85°C Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may 
Storage Temperature ............. -65°C to +150°C cause permanent damage to the device. This is a stress rating only 
Voltage On Any Pin With Respect and functional operation of the device at these or any other condi- 
ToV 0.3V to 20V tions above those indicated in the operational sections of this speci- 
BB a 8 © © © 6 ee ee le lk le le lel ll ll om 


fication is not implied. Exposure to absolute maximum rating condi- 


Power Dissipation: x4 s2¢-+8 4 Soin oS ae eae 1.0 Watt tions for extended periods may affect device reliability. 


PROGRAMMING 


The programming specifications are in the ROM and PROM Programming Instructions (see page 3-55). 


D.C. AND OPERATING CHARACTERISTICS 


Ta = O°C to +70°C, Vee = 5V +5%; Vop = 12V £5%, Veg = -5V +5%, Vg = OV Unless Otherwise Specified. 


Limits 
Symbol Parameter | tims Unit Test Conditions 
omer Typ.l1] Max. pon 


hoy Input Load Current | +10 L Vin = 0 to 5.25V 
(All Input Pins Except CS; ) 


am 
on 


ILpc Input Peak Load Current on CS, ae mA Vin = 0.8V to 3.3V 


lLKe Input Leakage Current on CS, uA Vin = 3.3V to 5.25V 


lLo Output Leakage Current 


Chip Deselected 


VIL Input ““‘Low”’ Voltage = eo 
Vi Input ‘‘High’’ Voltage i oie Vec+1.0 


HA 
V 
VOL Output ‘‘Low”’ Voltage lo. = 2mA 


IOH =-ImA 


lec Power Supply Current Vcc Fl 
lop Power Supply Current Vpp a ee 60 mA 
IBB Power Supply Current Vgg ew 


Py Power Dissipation 460 840 


O 
= 
> 
BE 
> 


= 
= 


NOTE 1: Typical values for Ta = 25°C and nominal supply voltage 


D.C. OUTPUT CHARACTERISTICS D.C. OUTPUT CHARACTERISTICS 


-10 


9 po dad 


-8 t, = Oto 70°C 
l 


ta = 0 to 70°C 
4 


{ 


lot mA 


P | TYPICAL 
e 6 i % 

= 

a) 


2.4 26 28 3.0 3.2 34 36 38 4.0 4.2 


Voy VOLTS 
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8308 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = +5V +5%; Vpop = +12V +5%, Veg = -5V +5%, Veg = OV, Unless Otherwise Specified. 


[wax | 
200 | 450 | ns 


| 8 | 160 | ons 
| 125 | 220 ns 


125 220 ns 


Symbol Parameter 


tacc Address to Output Delay Time 


tco1 Chip Select 1 to Output Delay Time all 
tco2 Chip Select 2 to Output Delay Time aa 


tor | Chip Deselect to Output Data Float Time 


NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at 
VOH = 3.7V @ Igy = -1mMA, CL = 100pF. 


CONDITIONS OF TEST FOR CAPACITANCE T, = 25°C, f = 1 MHz, Veg =-5V, Vpp, 
A.C. CHARACTERISTICS Vcc and all other pins tied to Vgs. 


Output Load........ 1 TTL Gate, and C_gap = 100pF ete 
Input Pulse Levels ............2000% .65V to 3.3V Symbol 
Input Pulse Rise and Fall Times ........... 20 nsec 


Input Capacitance 


Timing Measurement Reference Level 
2.4V Vin, VOH: 0.8V ViL. VoL 


Output Capacitance 


eee tco1 a, 


cs, 


DATA 0,-0 
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8308 


TYPICAL CHARACTERISTICS (Nominal supply voltages unless otherwise noted.) 


Ipp VS. TEMPERATURE 
(NORMALIZED) 


o 10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE T, (°C) 


CS} INPUT 
CHARACTERISTICS 


0 5 1.0 1.5 2.0 2.5 3.0 
Vin (VOLTS) 
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A OUTPUT DELAY (nSEC) 


A OUTPUT CAPACITANCE 
VS. A OUTPUT DELAY 


; Pt ft 


+ 
N 
So (~—] 
AJ 


q 
N 
°o 


& CAPACITANCE (pF) 


Tacc VS. TEMPERATURE 
(NORMALIZED) 


AMBIENT TEMPERATURE T, (°C) 


intel 
8316A 


16,384 BIT STATIC MOS READ ONLY MEMORY 


Organization—2048 Words x 8 Bits 
Access Time-850 ns max 


= Single +5 Volts Power Supply Voltage @ Three-State Output — OR-Tie 
= Directly TTL Compatible — All Inputs Capability 

and Outputs = Fully Decoded — On Chip Address 
= Low Power Dissipation of 31.4 .W/Bit Decode 

Maximum = Inputs Protected — All Inputs Have 
= Three Programmable Chip Select Protection Against Static Charge 


Inputs for Easy Memory Expansion 


® 
The Intel 8316A is a 16,384-bit. static MOS read only memory organized as 2048 words by 8 bits. This ROM is 
designed for microcomputer memory applications where high performance, large bit storage, and simple inter- 
facing are important design objectives. 


The inputs and outputs are fully TTL compatible. This device Operates with a single +5V power supply. The 
three chip select inputs are programmable. Any combination of active high or low level chip select inputs can be 
defined and the desired chip select code is fixed during the masking process. These three programmable chip 
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memory expansion. 


The 8316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the 
designer with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all 
devices are directly TTL compatible. 


PIN CONFIGURATION BLOCK DIAGRAM 
0, O, 0, 0, O, Og 0, Of . 
—OVec 
«-—O GND 


Y DECODER 1 OF 16x 8 


tal 


16, 384 BIT 


CELL MATRIX 


wn 
x 
uw 
uk 
aL 
> 
a 
i 
=) 
a 
= 
n 
2) 
Ww 
omg 
ja) 
Q 
< 


ae eS ee a ee 
X DECODER 1/128 


PIN NAMES 


DATA OUTPUTS 


CS; CS3 | PROGRAMMABLE CHIP SELECT INPUTS 
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8316A 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 
Temperature Under Bias ............ -10°C to 80°C Maximum Ratings” may cause permanent damage to the 
Storage Temperature .............. -65°C to +150°C device. This is a stress rating only and functional opera- 
Voltage on Any Pin tion of the device at these or any other conditions above 

With Respect to Ground ........... -0.5V to +7V those indicated in the operational sections of this specifi- 
Power Dissipation ....................... 1.0W cation is not implied. Exposure to absolute maximum 
PROGRAMMING: The programming specifications are in oe ce IPI GRON See ads ayaa ance 
the ROM and PROM Programming Instructions (see page 3-55). ; 


D.C. AND OPERATING CHARACTERISTICS Ta = O°C to +70°C, Veg = 5V £5% unless otherwise specified 


LIMITS 
SYMBOL 


PARAMETER TEST CONDITIONS 


lay Input Load Current Vin = 0 to 5.25V 
(All Input Pins) 
LOH ~ CS =2.2V, Vout = 4.0V 
ILOL CS = 2.2V, Voyt = 0.45V 
lec All inputs 5.25V Data Out Open 
Vit 
Vy 
VOL Output “Low” Voltage V lor = 2.0mA 
VOH Output “High” Voltage 2.2 V lon = -100 yA 


(1) Typical values for TA = 25°C and nominal supply voltage. 


TYPICAL D.C. CHARACTERISTICS STATIC Icc VS. AMBIENT TEMPERATURE 


Vin LIMITS VS. TEMPERATURE WORST CASE 
100 


TYPICAL 


pa ee i 


80 


Ving (Min) 


Vin (VOLTS) 
Icc (mA) 


Vit (MAX 


60 


Vcc = 5.25V 
ALL ADDRESSES TIED 


TO Vcc 
| CHIP DESELECTED | 
0 


20 40 60 80 
Ta (C) 
OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


| 
a bo. 


I 
TYPICAL 


lop (mA) 
IOH (mA) 


Voi (VOLTS) Vou (VOLTS) 
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8316A 


A.C. CHARACTERISTICS T, =0°C to+70°C, Vcc = +5V £5% unless otherwise specified 


SYMBOL PARAMETER pomin, | tye | MAX. UNIT 


ta Address to Output Delay Time ees | 850 ns 
tco Chip Select to Output Enable Delay Time od 


CONDITIONS OF TEST FOR CAPACITANCE ” T, = 25°C, f = 1 MHz 


A.C. CHARACTERISTICS LIMITS 
TEST 


SYMBOL 


Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level 
[NDUt © 4&6 aS Gee ese See ae 1.5V 


Output Load ... 1 TTL Gate, and CLoap = 100 pF 
Input Pulse Levels .......-----55:5 0.8 to 2.0V 

All Pins Except Pin Under 
Test Tied to AC Ground 


All Pins Except Pin Under 
Test Tied to AC Ground 


(2) This parameter is periodically sampled and is not 100% tested. 


A.C.. WAVEFORMS 


=r ae 


—— '¢Q -—— ‘DF 


PROGRAMMABLE 
CHIP SELECTS 
| 


a 


VoL 


TYPICAL A.C. CHARACTERISTICS 


ACCESS TIME VS. AMBIENT ACCESS TIME VS. LOAD 
TEMPERATURE CAPACITANCE 


ta (nS) 


CLoap |pfd) 


a A 
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intel 
8708 
8192 BIT ERASABLE AND ELECTRICALLY 


REPROGRAMMABLE READ ONLY MEMORY 


1024x8 Organization 


= Fast Programming — = Static—No Clocks Required 
Typ. 100 sec. For All 8K Bits = Inputs and Outputs TTL 

=" Low Power During Programming Compatible During Both Read 

= Access Time —450 ns and Program Modes 

= Standard Power Supplies — = Three-State Output—OR-Tie 
+12V, +5V Capability 


The Intel® 8708 is a high speed 8192 bit erasable and electrically reprogrammable ROM (EPROM) ideally suited where 
fast turn around and pattern experimentation are important requirements. 


The 8708 is packaged in a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the device. 


A pin for pin mask programmed ROM, the Intel® 8308, is available for large volume production runs of systems initially 
using the 8708. 


The 8708 is fabricated with the time proven N-channel silicon gate technology. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUT 
0, ; O, 


-———_—_—____, 


OUTPUT BUFFERS 


i, CHIP SELECT 
CS'WE —————> LOGIC 


Y 
DECODER 


Ag Ag 
ADDRESS 
INPUTS 


64 X 128 
ROM ARRAY 


x 
DECODER 


PIN NAMES 


ADDRESS INPUTS 


Ag 
DATA OUTPUTS 


CS/WE | CHIP SELECT/WRITE ENABLE INPUT READ 


PROGRAM 
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PROGRAMMING 


8708 


UU 


The programming specifications are identical to those of the 2708. (See ROM and PROM Programming Instructions, 


page 3-55). 
ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -25°C to +85 C 
Storage Temperature .......-..-.-- -65°C to +125°C 


Vpp With Respect to Vgg...-.-------- +20V to -0.3V 
Vcc and Vgg With Respect to Veg .....-- +15V to -0.3V 
All Input or Output Voltages With 

Respect to Vgg During Read........ +15V to -0.3V 
CS/WE Input With Respect to Vgg 

During Programming ........----. +20V to -0.3V 
Program Input With Respect to Veg ....-.- +35V to -0 3V 
Power: Dissipation: Sands 222s bea ate eo wweas 1.5W 


READ OPERATION 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = +5V +5%, Vpp = +12V +5%, Veg = -5V +5%, Vsg = OV, Unless Otherwise Noted. 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Symbol Parameter | Min. Typ.(1] Max. Conditions 

lh Address and Chip Select Input Sink Current 1 10 Vin = 5.25 V or Vin = Vit 
lise Output Leakage Current 1 10 Vout = 5.25V, CS/WE = 5V 
Ipp [2! Vpp Supply Current 50 65 Worst Case Supply Currents: 
lec [21 Vcc Supply Current All Inputs High 

Igg(2!} | Veg Supply Current CS/WE = 5V; Ta = 0°C 

Vie Input Low Voltage 


a ee ae Ake 
ViH Input High Voltage 


VoL Output Low Voltage 
Vout Output High Voltage 
VoH2 Output High Voltage 
Pp Power Dissipation 


lot = 1.6mA 

lon = -100HA 

lon =-I1mA 
800 mW Ta = 70°C 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltages. 
2. The total power dissipation of the 8708 is specified at 800 mW. It is not calculable by summing the various currents 
(Ipp, Icc, and IgB) multiplied by their respective voltages since current paths exist between the various power supplies and 

Vss. The !pp, Icc, and Igp currents should be used to determine power supply capacity only. 


TYPICAL D.C. CHARACTERISTICS 


MAXIMUM JUNCTION TEMPERATURE 
VS. AMBIENT TEMPERATURE 


RANGE OF SUPPLY CURRENTS 
VS. TEMPERATURE 


a ie 


60 F 


40 A) 


SUPPLY CURRENTS (mA) 


20 


OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 


————— 


T 
ALL POSSIBLE OPERATING 
CONDITIONS: 


VAY, XARA AR eben 
LLOQ 


T 


Voce = 5.25V 
- Vpp = 12.6V 
Veg = -8.25V | 


lop (mA) 


WU 


Aw 
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60 80 100 


Vo, (VOLTS) 


A.C. CHARACTERISTICS 


8708 


Ta =0°C to 70°C, Veg = +5V £5%, Vop = +12V +5%, Veep = -bV +5%, Vssg = OV, Unless Otherwise Noted. 


Symbol | Parameter 
tacc Address to Output Delay 
tco Chip Select to Output Delay 


tor Chip De-Select to Output Float 


tou Address to Output Hold 


CAPACITANCE 1, =25°C, f= 1MHz 


yp Mx Une 
Input Capacitance | 4 | 6) pF 
Output Capacitance FTEs pF 


Note. This parameter is periodically sampled and not 100% tested. 


A.C. TEST CONDITIONS 


Output Load: 1 TTL gate and C, = 100pF 
Input Rise and Fall Times: <20ns 


Parameter 


Cout 


Conditions 


Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; 0.8V and 2.4V for outputs 


Input Pulse Levels: 0.65V to 3.0V 


WAVEFORMS 


ADDRESS 


DATA 
OUT 


ERASURE CHARACTERISTICS 


The erasure characteristics of the 8708 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
flourescent lighting could erase the typical 8708 in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 8708 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 8708 
window to prevent unintentional erasure. 


The recommended erasure procedure (see page 3-55) for 
the 8708 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure time 
with this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000UW/cm2 power rating. The 
8708 should be placed within one inch from the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
and this filter should be removed before erasure. 
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8205 
HIGH SPEED 1 OUT OF 8 BINARY DECODER 


= 1/0 Port or Memory Selector = Low Input Load Current — .25 mA 
= Simple Expansion — Enable Inputs Hace us sianeare te Input Load 
=» Minimum Line Reflection — Low 


= High Speed Schottky Bipolar Voltaae Di 1 
Technology — 18ns Max. Delay eee bea bua ame 
Outputs Sink 10 mA min. 


Directly Compatible with TTL Logic 16-Pin Dual-In-Line Ceramic or 
Circuits : 
Plastic Package 


The 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and mem- 
ory components with active low chip select input. When the 8205 is enabled, one of its eight outputs goes 
“low”, thus a single row of a memory system is selected. The 3 chip enable inputs on the 8205 allow easy 
system expansion. For very large systems, 8205 decoders can be cascaded such that each decoder can drive 
eight other decoders for arbitrary memory expansions. 

The Intel’8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over 
the temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to 
obtain fast switching speeds results in higher performance than equivalent devices made with a gold diffu- 
sion process. 


PIN CONFIGURATION LOGIC SYMBOL 


ADDRESS ENABLE OUTPUTS 
L 


L L 


PIN NAMES 


Ap Az ADDRESS INPUTS 
- E3 


mK KK KKM Ee Te Ie ie 
LOT Eee error ee 
Zererrrererrrerreree 
Trrerrrrrrzr1zrriglTés:re 
DPITrTrrTrIrr1iTzrii¢gxre 
IrrrrrrrwrrTxrrsrrss|=- 
TITITITAIIITIIrIrIrIeK rTrIN 
TIrrrrrrsxrr1rreigisgeye 
EITIITIITIITTIIF rrr. 
IXrTITIrIIrITI€eT rTrrTrizrye 
IrTIITIITIFRFrtrIrrIiI.ryoe 
PIrIITITFTIIIrTAKITIIIIrIIITIi|™~ 


MK KM KKK ETO LI 
Mae K MK KK TTI ICoeer 
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8205 


FUNCTIONAL DESCRIPTION 
Decoder 


The 8205 contains a one out of eight binary decoder. It ac- 

cepts a three bit binary code and by gating this input, creates 

an exclusive output that represents the value of the input Ay 
code. 


For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, By 0, 
an active low signal would appear on the 05 output line. 


Note that all of the other output pins are sitting at a logic ee aKe °3 
high, thus the decoded output is said to be exclusive. The 3, 
decoders outputs will follow the truth table shown below in _ 
the same manner for all other input variations. 5 

06 
Enable Gate = 

0, 


When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 


ENABLE GATE 


A Ru my 


The 8205 has a built-in function for such gating. The three 
enable inputs (E1, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active “‘high’’ and active “‘low’’ device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 


ADDRESS ENABLE 


OUTPUTS 


L bL bLfjt tH] t H H H H H H H 
H L L L L H}H L H H H 4H HH 
L H L L L H H H L H -.H H H H 
H H Lit tL eH{|H H H LL eH H HH H 
L bLeHyjt LL eHI{]H H H H tL H HH H 
H bL H {tL tL HH H H H H tL H H 
lL H H jt bLeH{H H HH H H H LH 
H H H jtL LH IH H HH H H H He EL 
Xx MWR X jo bc LI|H H H H H HH HH 
X -®& X&X 1H L t |H H H H H H HH 
X MK &®& +L AH bL |H H HH H H H HH H 
X -M® X |H H L+H HH HH H H H HH H 
X M®& & |H L H |H H HH HH H WH HH H 
X MX X& {L H WH }|H HH H H H HH H H 
Xx » 4 xX H H H {| H H H H H H H H 
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8205 


APPLICATIONS OF THE 8205 


The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO,S1, S2) of the 8008 CPU. 


1/O Port Decoder 


Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 


This circuit can be used to generate enable signals for !/O 
ports or any other decoder related application. 


Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works, 


Chip Select Decoder 


Using a very similar circuit to the |/O port decoder, an ar- 


PORT 
72 | NUMBERS 


1/O Port Decoder 
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ray of 8205s can be used to create a simple interface to a 
24K memory system. 


The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de- 
vice has ten (10) address inputs and an active ‘‘low’’ chip 
select (CS). The lower order address bits AO-A9 which come 
from the microprocessor are ‘‘bussed’’ to all memory ele- 
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the 8205 is active low so it is directly compatible with the 
memory components. 


Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to ‘‘write’’ or 
“read’’ data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits AOQ-A9 identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive. 
in nature and are non-redundant. 


This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 


: TO 
Ay a MEMORIES 


Ss 
Oo 


2 


S| 
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a 
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24K Memory Interface 


Logic Element Example 


Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the ‘‘on-chip”’ 
enabling gate, the 8205 can be configured to gate its de- 
coded outputs with system timing signals and generate 
strobes that can be directly connected to latches, flip-flops 
and one-shots that are used throughout the system. 


An excellent example of such an application is the ‘‘state 
decoder” in an 8008 CPU based system. The 8008 CPU is- 
sues three bits of information (SO,S1, S2) that indicate the 
nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
general machine functions. 


In the figure below a circuit is shown using the 8205 as the 
“state decoder” for an 8008 CPU that not only decodes the 
SO, S1, S2 outputs but gates these signals with the clock 
(phase 2) and the SYNC output of the 8008 CPU. The T1 


8201 
CLOCK 
GENERATOR 


SYSTEM RESET 


8205 


and 12 decoded strobes can connect directly to devices like 
8212s for latching the address information. The other de- 
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system reset, eliminating 
accidental loading. 


The power of such a circuit becomes evident when a single 
decoded strobe is logically broken down. Consider T1 out- 
put, the boolean equation for it would be: 


Ti = (S0-S1-S2)-(SYNC-Phase 2-Reset) 


A six input NAND gate plus a few inverters would be need- 
ed to implement this function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 
obviously a substantial savings in components can be 
achieved when using such a technique. 


Stop || 14 || T5 


WAIT H T3 


OUTPUTS 
FROM 
8205 


State Control Coding 
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om }{/]0002+< 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias: | Ceramic —65°C to +125°C *COMMENT 


Plastic —65°C to +75°C Stresses above those listed under “Absolute Maximum Rat- 
ing’’ may cause permanent damage to the device. This is a stress 
fe) te) : 
Storage Temperature —65°C to + 160°C rating only and functional operation of the device at these or at 
All Output or Supply Voltages —0.5 to +7 Volts any other condition above those indicated in the operational 


sections of this specification is not implied. Exposure to absolute 
All: Input Voltages “100/49 .5:V Ors maximum rating conditions for extended periods may affect 
Output Currents 125 mA device reliability. 


D.C. CHARACTERISTICS 1, =0°C to +75°C, Veg = 5.0V +5% 


8205 
TEST CONDITIONS 


mA Voc = 5-25V, V_ = 0.45V 


SYMBOL PARAMETER 


Cc 
= 
+ 


INPUT LOAD CURRENT 


I, INPUT LEAKAGE CURRENT ae ae Voc = 5:25V, Va = 5.25V 
Vo INPUT FORWARD CLAMP VOLTAGE ft Voc = 4-75V, I, = -5.0mA 
Vor OUTPUT “LOW” VOLTAGE Voc = 4-75V, Ig, = 10.0 mA 


eae 
eater 
OUTPUT HIGH VOLTAGE | 24 | tM | Veg = 4.75V, Foy = = 1-5 mA 
i. | ENPUT “LOW” VOLTAGE Ff 085 | VM | Veg = 8.0V 
7 INPUT “HIGH” VOLTAGE | 20 | [| Vi | Vee = 5.0V 


es OUTPUT HIGH SHORT —120 mA Voc = 5-0V, Voy = OV 
CIRCUIT CURRENT 


OUTPUT “LOW” VOLTAGE Voc = 9-0V, lox = 40mA 


o~ 
x 


Ox 
@ HIGH CURRENT Rua 
iz POWER SUPPLY CURRENT | | 70 mA | Vog = 5.25V 
TYPICAL CHARACTERISTICS 
OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION 
0 5.0 


~10 


aq _ = 
E ? = 
5 - 20 A Et SE AS AS TS TS ca 
: : Bld isola) oN 
: : g 
= o e ee iia aD 
ke —30 F 2.0 
z 5 an een e ee Bie 
3 : 3 
3 afer eee Pee ET ET 
© _40 7 f| 1.0 \__ 
te se eee SeSSeea tie 
Pha) Aaa oe eee SS 
1) 2 4 6 8 1.0 0 1.0 2.0 3.0 4.0 5.0 0 2 4 6 8 10 12 14 16 18 2.0 
OUTPUT “LOW” VOLTAGE (V) OUTPUT "HIGH" VOLTAGE (V) INPUT VOLTAGE (V) 
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SWITCHING CHARACTERISTICS 


CONDITIONS OF TEST: TEST LOAD: 


Input pulse amplitudes: 2.5V 


Input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


TEST WAVEFORMS 


ADDRESS OR ENABLE 
INPUT PULSE 


Fees eses ee ee Sees ee2e:2°% 


s} 
OUTPUT 


A.C. CHARACTERISTICS  1T, = 0°C to +75°C, Voc = 5.0V +5% unless otherwise specified. 


SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS 


ns 


anes ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 
18 
pte 
18 
C8205 5(typ.) VeIAS = 2.0V, Ta = 25°C 


1. This parameter is periodically sampled and 1s not 100% tested. 


TYPICAL CHARACTERISTICS 


ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 

ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 


LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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8212 
EIGHT-BIT INPUT/OUTPUT PORT 


@ 3.65V Output High Voltage for Direct 
Interface to 8080 CPU or 8008 CPU 


= Asynchronous Register Clear 


™ Replaces Buffers, Latches and Multi- 
plexers in Microcomputer Systems 


m Reduces System Package Count 


@ Fully Parallel 8-Bit Data Register 
and Buffer 


™ Service Request Flip-Flop for 
Interrupt Generation 


@ Low Input Load Current — .25 mA Max. 
m@ Three State Outputs 
m™ Outputs Sink 15 mA 


The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi- 
pal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


LOGIC DIAGRAM 


SERVICE ere FF 


DEVICE ve (—#e 


PIN CONFIGURATION 


) i 


{ACTIVE LOW) 


ed OUTPUT 
| BUFFER 


DATA LATCH | 


0 YG 
o 9 
aoe 
Ae 
- — —|— — ~ 
ve. 
9 g 
0 & 


: | 
| © 
[7> D13 Hen IS : D03 [8 > 
C . 
| pm it | 
[9>D14 P+ 004 [o> 


PIN NAMES 


(ACTIVE LOW) 


a 
QO 9 
ee 
= 


| 
DATA IN [ié> Dig cae | DOs [15> 
DATA OUT | c | 
DEVICE SELECT | eel H | 
MODE f 
STROBE Dig | 5 Da >t 00¢ [17> 
T INTERRUPT (ACTIVE LOW) Cc | 
CLEAR (ACTIVE LOW) | : e ! 
eae ie > | D07 
eel {iC | 
E> org > H+ 0 > 
RESET DRIVER | om | | 
| ‘ 
ia> CLR : | | 
Fe ee eee 
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se ee a i a SS SS SS 


FUNCTIONAL DESCRIPTION 


Data Latch 


The 8 flip-flops that make up the data latch are of a 
“D” type design. The output (Q) of the flip-flop will 
follow the data input (D) while the clock input (C) is 
high. Latching will occur when the clock (C) returns 
low. 

The data latch is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overides Reset (CLR).) 


Output Buffer 


The outputs of the data latch (Q) are connected to 
3-state, non-inverting output buffers. These buffers 
have a common control line (EN); this control line 
either enables the buffer to transmit the data from 
the outputs of the data latch (Q) or disables the 
buffer; forcing the output into a high impedance 
state. (3-state) 

This high-impedance state allows the designer to 
connect the 8212 directly onto the microprocessor 
bi-directional data bus. 


Control Logic 

The 8212 has control inputs DS1, DS2, MD and 
STB. These inputs are used to control device selec- 
tion, data latching, output buffer state and service 
request flip-flop. 


DS1, DS2 (Device Select) 

These 2 inputs are used for device selection. When 
DS1 is low and DS2 is high (DS1 - DS2) the device is 
selected. In the selected state the output buffer is 
enabled and the service request flip-flop (SR) is 
asynchronously set. 


MD (Mode) 

This input is used to control the state of the output 
buffer and to determine the source of the clock input 
(C) to the data latch. 

When MD is high (output mode) the output buffers 
are enabled and the source of clock (C) to the data 
latch is from the device selection logic (DS1 - DS2). 
When MD is low (input mode) the output buffer state 
is determined by the device selection logic (DS1 - 
DS2) and the source of clock (C) to the data latch is 
the STB (Strobe) input. 


STB (Strobe) 


This input is used as the clock (C) to the data latch 
for the input mode MD = 0) and to synchronously 
reset the service request flip-flop (SR). 


Note that the SR flip-flop is negative edge triggered. 


Service Request Flip-Flop 


The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. It is asyn- 
chronously set by the CLR input (active low). When 
the (SR) flip-flop is set it is in the non-interrupting 
state. 

The output of the (SR) flip-flop (Q) is connected to 
an inverting input of a “NOR” gate. The other input 
to the ‘‘NOR’”’ gate is non-inverting and is connected 
to the device selection logic (DS1 - DS2). The output 
of the ‘‘NOR” gate (INT) is active low (interrupting 
state) for connection to active low input priority 
generating circuits. 


SERVICE REQUEST FF 
DEVICE SELECTION 


Do fi int E> 


\ 
PL 
f= 


[i3> ps2 fi (ACTIVE LOW) 
A EN 
[> mo a 
STB Lid = 
[> ~] output 
| BUFFER 
E>o1, S060) > 


DATA LATCH | 
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EE: 
an 
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my 
V, 
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Ft 
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pe 
ny | 
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wa 


RESET DRIVER | 


a ee. 


g 
| 
ieee 


| 

| 

r 
ee 


(ACTIVE LOW) 


[ste | mo | (DS;-DS2)_ | DATAOUT EQUALS || cLR | (DS;-DS2) | STB. *SR 
cami 0 0 | 3STATE 0 |.0 Oo. 4 
“1 po | 0 | 3stare Weeoce a co 
0 |1 1707 DATA LATCH qe ee 4 G 
ie See Bae DATALATCH | yao 
“oO Jo. | 1 BATA LATCH si ca are HERES al Ge 
412) 0 | —1._| DATAIN — 1 =a ot 7 
oa la DATA IN = ce Da eee im 
el is ee nee DATA IN *INTERNAL SR FLIP-FLOP 


LR — RESETS DATA LATCH 
SETS SR FLIP-FLOP 
(NO EFFECT ON OUTPUT BUFFER) 


10-115 


8212 


Applications Of The 8212 -- For Microcomputer Systems 


| Basic Schematic Symbol 
I Gated Buffer 

lI Bi-Directional Bus Driver 
IV —s Interrupting Input Port 

V Interrupt Instruction Port 
Vi Output Port 


I. Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system 
schematics—(1) the top being the detailed view 
showing pin numbers, and (2) the bottom being the 
symbolic view showing the system input or output 


Vil 8080 Status Latch 
Vill 8008 System 
IX 8080 System: 
8 Input Ports 
8 Output Ports 
8 Level Priority Interrupt 


as a system bus (bus containing 8 parallel lines). 
The output to the data bus is symbolic in referenc- 
ing 8 parallel lines. 


BASIC SCHEMATIC SYMBOLS 


INPUT DEVICE 


OUTPUT DEVICE 


(DETAILED) 
INPUT OUTPUT 
STROBE FLAG 
SYSTEM (SYMBOLIC) SYSTEM 
INPUT OUTPUT 


GND 


DATA BUS 


OF INT CLR FO 


DATA BUS Vec 


ll. Gated Buffer (3- STATE ) 


The simplest use of the 8212 is that of a gated 
buffer. By tying the mode signal low and the strobe 
input high, the data latch is acting as a straight 
through gate. The output buffers are then enabled 
from the device selection logic DS1 and DS2. 
When the device selection logic is false, the outputs 
are 3-state. 

When the device selection logic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
output data can sink 15 milli amps. The minimum 
high output is 3.65 volts. 


GATED BUFFER 
3-STATE 


INPUT OUTPUT 

DATA DATA 

(250 yA) (15mA) 
(3.65 V MIN) 


GATING 
CONTROL 


(DS1eDS2) 
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tll. Bi-Directional Bus Driver BI-DIRECTIONAL BUS DRIVER 


A pair of 8212’s wired (back-to-back) can be used 

as a symmetrical drive, bi-directional bus driver. 

The devices are controlled by the data bus input 

control which is connected to DS1 on the first 8212 

and to DS2 on the second. One device is active, and 

acting as a straight through buffer the other is in DATA 
3-state mode. This is a very useful circuit in small 
system design. 


DATA BUS 
CONTROL 
(O= L — R) 
(l= R-~ L) 


IV. Interrupting Input Port INTERRUPTING INPOY PORE 

This use of an 8212 is that of a system input port ae 

that accepts a strobe from the system input source, neo BUS 
TROBE 


which in turn clears the service request flip-flop 
and interrupts the processor. The processor then 
goes through a service routine, identifies the port, 
and causes the device selection logic to go true — 


ry Ld Y 
enabling the system input data onto the data bus. eur 
SYSTEM 
RESET 
PORT 
seection-| TO PRIORITY CKT 
(DS1-DS2) (ACTIVE LOW) 
TO CPU 
INTERRUPT INPUT 
V. Interrupt Instruction Port EER Weg econo 


The 8212 can be used to gate the interrupt instruc- 

tion, normally RESTART instructions, onto the data 

bus. The device is enabled from the interrupt 

acknowledge signal from the microprocessor and 

from a port selection signal. This signal is normally 

tied to ground. (OS1 could be used to multiplex a cepahe 
variety of interrupt instruction ports onto a com- eet One al 
mon bus). 


(DS!) PORT SELECTION 
INTERRUPT ACKNOWLEDGE 
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VI. Output Port (With Hand-Shaking) 


The 8212 can be used to transmit data from the data 
bus to a system output. The output strobe could be 
a hand-shaking signal such as ‘reception of data’ 
from the device that the system is outputting to. It 
in turn, can interrupt the system signifying the re- 
ception of data. The selection of the port comes 
from the device selection logic. (DS1+ DS2) 


OUTPUT PORT (WITH HAND-SHAKING) 


DATA 
BUS 


OUTPUT STROBE 


SYSTEM OUTPUT 


SYSTEM RESET 


PORT SELECTION 
(LATCH CONTROL) 


SYSTEM = 
(DS1-DS2) 


INTERRUPT 


Vil. 8080 Status Latch 


Here the 8212 is used as the status latch for an 8080 
microcomputer system. The input to the 8212 latch 
is directly from the 8080 data bus. Timing shows 
that when the SYNC signal is true, which is con- 
nected to the DS2 input and the phase 1 signal is 
true, which is a TTL level coming from the clock 
generator; then, the status data will be latched into 
the 8212. 


Note: The mode signal is tied high so that the output 
on the latch is active and enabled all the time. 

It is shown that the two areas of concern are the 
bidirectional data bus of the microprocessor and the 
control bus. 


8080 STATUS LATCH 


O 
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LATCH 


DBIN 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias Plastic .. —65°C to +75°C 
—65°C to +160°C 
.-0.5 to +7 Volts 
— 1.0 to 5.5 Volts 


Storage Temperature 


All Output or Supply Voltages ... 


e 8 © © © 8 oe eo ee ele le 


All Input Voltages 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 


Output Currents ......... 00.0.0. . cee eee 125 mA reliability. 

D.C. CHARACTERISTICS 

Ta _ 0°C to +75°C Vec = +5V +5% 

Symbol Parameter ue Unit Test Conditions 

Min. Typ. Max. 

F Input Load Current — 25 mA Ve = .45V 
ACK, DS,, CR, DI,-Dl, Inputs 

IF Input Load Current —.75 mA V; = .45V 
MD Input 

lr Input Load Current —1.0 mA Ve = .45V 
DS, Input 

le input Leakage Current 10 [LA Ve = 5.25V 
ACK, DS, CR, DI,-DI, Inputs 

Ip Input Leakage Current 30 LA Ve = 5.25V 
MO Input 

Ik Input Leakage Current 40 [LA Ve = 5.25V 
DS, Input 

Ve Input Forward Voltage Clamp —1 V lc = -5mA 

Vit Input “Low” Voltage V 

Vin Input “High” Voltage V 

Vor Output “‘Low” Voltage V lo. = 15 mA 

Vou Output “High” Voltage V loo = —1MA 

Isc Short Circuit Output Current -15 -/5 mA Vo =O0V 

‘lo! Output Leakage Current 20 [LA Vo = .45V/5.25V 
High Impedance State 

loc Power Supply Current 90 130 mA 
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TYPICAL CHARACTERISTICS 


INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE 


Y 
A 


— | 


INPUT CURRENT (yA) 
OUTPUT CURRENT (mA) 


INPUT VOLTAGE (V) OUTPUT “LOW” VOLTAGE (V) 
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY 
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE 
ri x 
z s 
K w 
& a 
: 
3 5 
b o) 
O 
a 
5 a 
$ a 
a) 
OUTPUT “HIGH” VOLTAGE (V) LOAD CAPACITANCE (pF) 
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE VS. TEMPERATURE 
S| 
20 2 
=e > 
£ 7 
q 18 = 
rs = 
— 
é > 
2 : 
: ; 
4 a 
a 14 2 
a w 
re 
Lo 
10 
-25 0 25 50 75 100 
TEMPERATURE (°C) TEMPERATURE ( C) 


10-120 


8212 


TIMING DIAGRAM 


DATA 


STB or DS} « DS2 


OUTPUT 


DS,» DS2 1.5V 1.5V 


OUTPUT 


DO 


DATA 


STB or DS} + DS 


~ tp 7 
r 


OUTPUT 


Ste 1.5V 
———— tpw OO 
DS DSo 1.5V 
be tpw aed ts 
INT 


| 
| 


NOTE: ALTERNATIVE TEST LOAD Ke te 


Vcc 


10K 
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A.C. CHARACTERISTICS 
T, = O°C to +75°C =—“Vec = +5V + 5% 


Symboi Parameter 


| kimits 
ae ae 
ee 


toot Data Setup Time 5 


Test Conditions 


t, Data Hold Time 20 ns 


t. Reset To Output Delay 


Reset To Output Delay 40 
t. Output Enable/Disable Time ns 


t. Clear To Output Delay 5 ns 


CAPACITANCE § = 1 miz Veins = 2.5V Veo = +5V. Th = 25°C 
LIMITS 


DS, MD Input Capacitance 


DS.,, CK, ACK, DI,-Dl, 
Input Capacitance 


DO,-DO, Output Capacitance 


*This parameter is sampled and not 100% tested. 


12 pF 


SWITCHING CHARACTERISTICS 


CONDITIONS OF TEST TEST LOAD 
Input Pulse Amplitude = 2.5 V 15mA & 30pF 
Input Rise and Fall Times 5 ns 

Between 1V and 2V Measurements made at 1.5V 

with 15 mA & 30 pF Test Load 


Vec 


300 


*30 pF 600 


* INCLUDING JIG & PROBE CAPACITANCE 
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M8212 "Eny 
EIGHT-BIT INPUT/OUTPUT PORT Bp 


= Fully Parallel 8-Bit Data Register = 3.4V Output High Voltage for Direct 
and Buffer Interface to M8080A CPU 

= Service Request Flip-Flop for Interrupt ™ Asynchronous Register Clear 
Generation m Replaces Buffers, Latches and Multi- 

= Low Input Load Current: .25 mA Max. plexers in Microcomputer Systems 

m Three-State Outputs m Reduces System Package Count 

@ Full Military Temperature Range -55°C @ +10% Power Supply Tolerance 
To +125°C m 24-Pin Dual In-Line Package 


The M8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi- 
pal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


PIN CONFIGURATION LOGIC DIAGRAM 
SERVICE REQUEST FF 


. 

( : 
DEVICE SELECTION per alee 
<a SR 


[> os = [> INT [23> 


[3> sz PL, (ACTIVE LOW) 
EN 
[2> mo He ) > 
ast » e 1 output 
| | BUFFER 
| rap yee 
>on ag >/b0, [> 
DATA LATCH ak | 
maar 
[B>Di2 fl 22 art 002 [6 > 
et 
| J 
[7> D3 i D nS ! D03 
G 
R 
| (a: it | 
[>o14 fe oh Ht © 
PIN NAMES : L at | 
Dly-Dlg__| DATAIN fié> Dig Da iS | DOs [15> 
DO1-D0g | DATAOUT | Ic | 
_DS1-DSz | DEVICE SELECT 7 | fe F | 
Dig ie I> 0g [17> 
_| INTERRUPT (ACTIVE LOW) C | 
CLEAR (ACTIVE LOW) | = f | 
O17 ioe > 0% 
| pes 
: iL | 
E> org of >+ 008 E> 
RESET DRIVER | Lc | | 
| oe 
fcr ° | | 
Spaerewe ns eres 


(ACTIVE LOW) 
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ABSOLUTE MAXIMUM RATINGS* 


—55°C to +125°C 
—65°C to +160°C 
. —0.5 to +7 Volts 
—1.0 to 5.5 Volts 


Temperature Under Bias 


Storage Temperature 


All Output or Supply Voltages ... 
All Input Voltages 


“COMMENT. Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 


Output Currents ................000 cee 125 mA reliability. 

D.C. CHARACTERISTICS 

Ty, =-55°C to +125°C Vee = +5V 410% 

Limits 

Symbol Parameter Unit Test Conditions 

Ip Input Load Current — .25 mA Ve = .45V 
ACK, DS,, CR, DI,-Dl, Inputs 

lf Input Load Current ~—.75 mA Ve = .45V 
MD Input 

lf Input Load Current —1.0 mA Ve = .45V 
DS, Input 

IR Input Leakage Current 10 LA Ve = Vec 
ACK, DS, CR, DI,-DI, Inputs 

IR Input Leakage Current 30 LA Ve = Veco 
MD Input 

Ip Input Leakage Current 40 [LA Ve = Vec 
DS, Input 

Ve Input Forward Voltage Clamp Res ede | l= -5mA 

VOL Output “Low” Voltage aa lo. = 10mA 

VOH Output “High” Voltage 4.0 aa co loy = -.5mA 

los Short Circuit Output Current -15 Cs -/5 Vec = 5.0V 

[1o| Output Leakage Current 20 A Vo = .45V to Vcc 
High Impedance State 

lec Power Supply Current 90 145 


10-124 


M8212 


A.C. CHARACTERISTICS 
flies a -55°C to +125°C Vec = +5V +10% 


Symbol Paranisiet 


Test Conditions 


tweE Write Enable To Output Delay ee ee ee NOTE 1 
tr Reset To Output Delay | 55 NOTE 1 
ts Set To Output Delay Pt 35 ns NOTE 1 
te Output Enable/Disable Time a 50 | ns NOTE 1 
tc Clear To Output Delay 65 pons | NOTE 1 
CAPACITANCE F = 1Muz Veias = 2.5V Vcc = +5V Ta = 25°C 
DS, MD Input Capacitance 
DS,,CLR, STB, Dl,-DI, 
Input Capacitance 
DO,-DO, Output Capacitance 
SWITCHING CHARACTERISTICS 
CONDITIONS OF TEST TEST LOAD 
Input Pulse Amplitude = 2.5V , 
Input Rise and Fall Times: 5 ns between 1V and 2V . 
Ry 
TO 
D.U.T. 
om Ro 


NOTE 1: 


tep, twe, tr, ts, tc 
te, ENABLET 


te, ENABLE 
te, DISABLEt 
te, DISABLE 
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TIMING DIAGRAM 


Data 
STB or DS, © DS, 1.5V 1.5V 
— twe 7 
OUTPUT 1.5V 
DS, @ DS, + MD 1.5V 1.5V 


an RRS SV 
we a SS 


DO 


DATA 


STB or Ds, e OS, 


OUTPUT 


STB 
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TYPICAL CHARACTERISTICS 


INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE 


= q 
< £ 
ra i 
= 2 
Ww Ww 
m4 vd 
a -150 ea 
5 > 
ra rx) 

be 
5 > 
: é 
Z -200 > 

(o) 


INPUT VOLTAGE (V) OUTPUT “LOW” VOLTAGE (V) 
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY 
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE 


é : 
= rm 
: : 
o = 
> = 
rs) 5 
~ oe) 
~ ° 
r= = 
5 a 
S q 
ra) 

OUTPUT “HIGH” VOLTAGE (V) LOAD CAPACITANCE (pF) 

DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE VS. TEMPERATURE 


DATA TO OUTPUT DELAY ins) 
WRITE ENABLE TO OUTPUT DELAY (ns) 


TEMPERATURE (°C) TEMPERATURE ( C) 
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8214 
PRIORITY INTERRUPT CONTROL UNIT 


m Eight Priority Levels = Fully Expandable 
= Current Status Register = High Performance (50ns) 
= Priority Comparator = 24-Pin Dual In-Line Package 


The 8214 is an eight level priority interrupt control unit designed to simplify interrupt driven microcomputer 
systems. 


The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a soft- 
ware controlled current status register and issue an interrupt to the system along with vector information to 
identify the service routine. 


The 8214 is fully expandable by the use of open collector interrupt output and vector information. Control 
signals are also provided to simplify this function. 


The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count 
in interrupt driven microcomputer systems. 


PIN CONFIGURATION LOGIC DIAGRAM 


| 


m 
+m 
- 
oO DvD 


REQUEST ACTIVITY 
(OPEN COLLECTOR) 
an: Ay 
=. A, (> 


| ae | =e 
; LU A ey = ENC (14> 
R,;—© (OPEN 
. COLLECTOR) 
oD i. 
F 


By—UREGISTER| | 


REQUEST 
4 LATCH 


‘| PRIORITY 
| ENCODER 


| 


PRIORITY 
COMPARATOR 


n 
©) 


CAVAVAVAC IIR OACACACAUACACACA AC 


Mm: 
Oi 
nn 


> inact ee a 
PIN NAMES | [E> ctk | 


REQUEST LEVELS (R7 HIGHEST PRIORITY) 
CURRENT STATUS 

STATUS GROUP SELECT 

ENABLE CURRENT STATUS 

INTERRUPT ENABLE 

CLOCK (INT F-F) 

ENABLE LEVEL READ 

ENABLE THIS LEVEL GROUP 


REQUEST LEVELS OPEN 
INTERRUPT (ACT. LOW) COLLECTOR 
ENABLE NEXT LEVEL GROUP | 
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D.C. AND OPERATING CHARACTERISTICS 
“COMMENT: Stresses above those listed under “Absolute 


ABSOLUTE MAXIMUM RATINGS* Maximum Ratings” may cause permanent damage to the 

device. This is a stress rating only and functional opera- 
Temperature Under Bias .............. 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ............. -65°C to +150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages........ -0.5V to+7V cation is not implied. Exposure to absolute maximum 
All Input Voltages ............ .... -1.0V to +5.5V rating conditions for extended periods may affect device 
Output Currents ............ 0.02. eee 100 mA reliability. 


Ta = O°C to +70°C, Voc = 5V +5%. 


IF Input Forward Current: ETLG input Ve=0.45V 
all other inputs -.08 -0.25 mA 

IR Input Reverse Current: ETLG input 4 80 LA VR=5.25V 
all other inputs 40 UA 

Vin Input HIGH Voltage: all inputs pf ov Vec=5.0V 


NOTES: 
1. Typical values are for Ta = 25°C, Vcc = 5.0V. 
2. Bo-Bo, SGS, CLK, Ro-R4 grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS. Ta = 0°C to +70°C, Vcc = +5V +5% 


teccs|2] ECS Setup Time to CLK | 80 | 50 | | 

teccy 3! ECS Hold Time After CLK EE 

tecrs|3! ECS Setup Time to CLK 110 70 aa 

tecry!3! ECS Hold Time After CLK a a a: 

tecss|2] ECS Setup Time to CLK | 75 | 7 || 

tecsy [2! ECS Hold Time After CLK oS ae ae 

tocs/2! SGS and By-B> Setup Time to CLK 

trcH3! Ro-R7 Hold Time After CLK a a 

tics INT Setup Time to CLK | 55 | 3 | | 

tcy CLK to INT Propagation Delay ee a ae 

tris l4! Ro-R7 Setup Time to INT Loe oO 

triy!4! Ro-R7 Hold Time After INT [abe 8G | 

tra Ro-R7 to Ap-A> Propagation Delay | | 80 ft00 

teLa ELR to Ag-Ao Propagation Delay | 40 5 

4, —_teTA pire to Ag-A2 Propagation Beley a a ae 

q tpecs|4] SGS and Bg-B> Setup Time to ECS 

S toecH (4! SGS and Bo-B> Hold Time After ECS 2 ee 
CAPACITANCE §5! 

Symbol Parameter ) Min. | Typ.) | Max 

Cin Input Capacitance 5 10 | 

Court Output Capacitance 7 12 ! 


TEST CONDITIONS: Vpias = 2.5V, Voc = SV, Ta = 25°C, f= 1 MHz 


NOTE 5. This parameter is periodically sampled and not 100% tested. 
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WAVEFORMS 


F222. 22 2 ee ee eee 


ETLG ee 
eek gee A GE GG oeEE Se eee 
INTE 
toecs |'DECH 


ECS 
‘Pw recess 
cea 


Daal ar a= a 


tecss | ‘ECSH 


CI 
+ 


Ne es 2 Oe Ce 


Tn me 
J ee a St 
aaa, Se = 
a a : 


ENLG 


NOTES: 
(1) Typical values are for T, = 25°C ,Vcc = 5.0V. 


(2) Required for proper operation if ISE is enabled during next clock pulse. 
(3) These times are not required for proper operation but for desired change in interrupt flip-flop. 


(4) Required for new request or status to be properly loaded. 


TEST CONDITIONS: TEST LOAD CIRCUIT vec 
Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 3002 
Output loading of 15 mA and 30 pf. 


Speed measurements taken at the 1.5V levels. 


30 pf 6002 
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M8214 "% 
PRIORITY INTERRUPT CONTROL UNIT MN 


@ Eight Priority Levels m@ 24-Pin Dual In-Line Package 

= Fully Expandable = Full Military Temperature Range -55°C 
= Current Status Register To +125°C 

= Priority Comparator m +10% Power Supply Tolerance 


The M8214 is an eight level priority interrupt control unit designed to simplify interrupt driven micro- 
computer systems. 


The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a 
software controlled current status register and issue an interrupt to the system along with vector informa- 
tion to identify the service routine. 


The M8214 is fully ‘expandable by the use of open collector interrupt output and vector information. 
Control signals are also provided to simplify this function. 


The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count 
in interrupt driven microcomputer systems. 


PIN CONFIGURATION LOGIC DIAGRAM 


m 
4m 
cr 
oO D 


REQUEST ACTIVITY 


R- 
[is > ae (OPEN COLLECTOR) 
Ry ‘| REQUEST a — 
[7> R,— = : Ag 
eo ae | ie =, ea 
{19> Ry i i‘ 
Re | jo——— A, 
2i> Re [e pf) ENLG[14> 
ez> a (OPEN 
COLLECTOR) 
=) 4+ Ho af -poe—int [> 
a Bo INT 
(22> 68, FF 
3> 8, tc 
{[4> SGS PRIORITY 
an COMPARATOR 
(23> ECS 
PIN NAMES 
> inte 
REQUEST LEVELS (R7 HIGHEST PRIORITY) [> are) 


CURRENT STATUS 

STATUS GROUP SELECT 
ENABLE CURRENT STATUS 
INTERRUPT ENABLE 

CLOCK (INT F-F) 

ENABLE LEVEL READ 
ENABLE THIS LEVEL GROUP 


REQUEST LEVELS OPEN 
INTERRUPT (ACT. LOW) COLLECTOR 


ENABLE NEXT LEVEL GROUP 
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D.C. AND OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 


Maximum Ratings’”’ may cause permanent damage to the 


Temperature Under Bias .......... “55°C to +125°C device. This is a stress rating only and functional opera- 
Storage Temperature .........--; —65°C to +160 C tion of the device at these or any other conditions above 
All Output and Supply Voltages ........ —0.5V to +7V those indicated in the operational sections of this specifi- 
All Input Voltages .....----+- +--+ 5) —1.0V to +5.5V cation is not implied. Exposure to absolute maximum 
Output Currents i604 Soe ete Oem & 100 mA 


rating conditions for extended periods may affect device 
reliability. 


Ta = 55°C to 125°C Vcc = 5V +10% 


Vo Input Clamp Voltage (all inputs) fn eee V Ic=-5mA 

lf Input Forward Current: ETLG input -.15 -0.5 mA Ve=0.45V 
all other inputs -.08 -0.25 mA 

Ip Input Reverse Current: ETLG input 80 LA VR=5.5V 
all other inputs 40 LA 


VoL Output LOW Voltage: all outputs ee we lOL=10mA 
VoH Output HIGH Voltage: .ENLG output we lon=-1mMA 
los -55 Vec=5.0V 
NOTES: 


1. Typical values are for Ta = 25°C, Vcc = 5.0V. 
2. Bg-B2, SGS, CLK, Ro-R4 grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS Ta = -55°C to +125°C, Vcc = +5V +10% 


Symbol Parameter 
tcy CLK Cycle Time 

tpw CLK, ECS, INT Pulse Width 
tiss INTE Setup Time to CLK 
tisH INTE Hold Time after CLK 


on) 
2 
NO 
>) 
n 


NO} NM] =] RM 


tetcs!2! ETLG Setup Time to CLK 5 12 ns 
tetcyl2] | ETLG Hold Time After CLK 20 | 10 | | os 
teccs!2] ECS Setup Time to CLK | 95 | 25 | ns 
teccy!3) | ECS Hold Time After CLK Foo | fons 
tecrs|3! ECS Setup Time to CLK Ze 2 ae ns 
teeau ld) ECS Hold Time After CLK ie a a 

tecss!2] ECS Setup Time to CLK | 85 | 7o | ns 
feceul2) ECS Hold Time After CLK a rs ae ns 
trcs/3! Ro-R7 Setup Time to CLK 100 55 aaa ns 
facials) Ro-Ry Hold Time After CLK Foo [fl [ons 
tra 9-R7 to Ag-A> Propagation Delay | | 80 100 ns 


teLa LR to Ao-A2 Propagation Delay | | 40 ns 
teca ECS to Ao-A2 Propagation Delay | | 100 130 | ns 
teTA ETLG to Ag-A> Propagation Delay See a ae ns 
tpecs!4! SGS and Bg-B> Setup Time to ECS | 20 | 1 [| ns 


WAVEFORMS (See 8214 Waveforms, page 10-131) 
CAPACITANCE 


Parameter 
Input Capacitance 


Output Capacitance 


TEST CONDITIONS: Vgjas = 2.5V, Voc = BV, Ta = 25°C, f = 1 MHz 
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8216/8226 
4-BIT PARALLEL BI-DIRECTIONAL BUS DRIVER 
=» Data Bus Buffer Driver for 8080 CPU = 3.65V Output High Voltage for Direct 
= Low Input Load Current — .25 mA Interface to 8080 CPU 
Maximum =s Three State Outputs 
= High Output Drive Capability for = Reduces System Package Count 


Driving System Data Bus 


The 8216/8226 is a 4-bit bi-directional bus driver/receiver. 


All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Vou, and for high capaci- 
tance terminated bus structures, the DB outputs provide a high 50mA Io, capability. 


A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applications for buffering in micro- 
computer systems. 


PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM 
8216 8226 
Diy 5 ee 
[}—- 
eras ae” 
oe : 
DO, © <4 
Si a 
=o 
DO, CO ey 
PIN NAMES bi Pes 
=i 
BIDIRECTIONAL ae 4 
DiyDI, | DATA INPUT 
DO,-DO,; DATA OUTPUT a - 
BIEN DATA IN ENABLE 
DIRECTION CONTROL ° rF 
cs CHIP SELECT L— o CS 
DIEN © 
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FUNCTIONAL DESCRIPTION 


Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 


The 8216/8226 is a four bit bi-directional bus driver specif- 
ically designed to buffer microcomputer system components. 


Bi-Directional Driver 


Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, !/O, etc., be- 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350mV worst case). 


Control Gating DIEN, CS 


The CS input is actually a device select. When it is “high’’ 
the output drivers are all forced to their high-impedance 
state. When it is at ‘‘zero’’ the device is selected (enabled) 
and the direction of the data flow is determined by the 
DIEN input. 


The DIEN input controls the direction of data flow (see 
Figure 1) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 


The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op- 
eration. 


(a) 8216 
DI, 0 So 
joe__foo_| f= 
i 
we = SE eo. 
ar: 
ety | 
ae 
net _| f= 

Pd a 
(b) 8226 


Figure 1. 8216/8226 Logic Diagrams 
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APPLICATIONS OF 8216/8226 


8080 Data Bus Buffer 


The 8080 CPU Data Bus is capable of driving a single TTL 
load and is more than adequate for small, single board sys- 
tems. When expanding such asystem to more than one board 
to increase |/O or Memory size, it is necessary to provide a 
buffer. The 8216/8226 is a device that is exactly fitted to 
this application. 


Shown in Figure 2 are a pair of 8216/8226’ connected di- 
rectly to the 8080 Data Bus and associated control signals. 


The buffer is bi-directional in nature and serves to isolate the 
CPU data bus. 


On the system side, the DB lines interface with standard 
semiconductor |/O and Memory components and are com- 
pletely TTL compatible. The DB lines also provide a high 
drive capability (50mA) so that an extremely large system 
can be dirven along with possible bus termination networks. 


On the 8080 side the DI and DO lines are tied together and 
are directly connected to the 8080 Data Bus for bi-directional 
operation. The DO outputs of the 8216/8226 have a high 
voltage output capability of 3.65 volts which allows direct 
connection to the 8080 whose minimum input voltage is 
3.3 volts. It also gives a very adequate noise margin of 
350mV (worst case). 


The DIEN inputs to 8216/8226 is connected directly to the 
8080. DIEN is tied to DBIN so that proper bus flow is 
maintained, and CS is tied to BUSEN so that the system 
side Data Bus will be 3-stated when a Hold request has been 
acknowledged during a DMA activity. 


Memory and I/O Interface to a Bi-directional Bus 


In large microcomputer systems it is often necessary to pro- 
vide Memory and I/O with their own buffers and at the same 
time maintain a direct, common interface to a bi-directional 
Data Bus. The 8216/8226 has separated data in and data 
out lines on one side and a common bi-directional set on the 
other to accomodate such a function. 


Shown in Figure 3 is an example of how the 8216/8226 is 
used in this type of application. 


The interface to Memory is simple and direct. The memories 
used are typically Intel® 8102, 8102A, 8101 or 8107B-4 and 
have separate data inputs and outputs. The Di and DO lines 
of the 8216/8226 tie to them directly and under control of 
the MEMR signal, which is connected to the DIEN input, 
an interface to the bi-directional Data Bus is maintained. 


The interface to I/O is similar to Memory. The I/O devices 
used are typically Intel® 8255s, and can be used for both 
input and output ports. The I/O R signal is connected di- 
rectly to the DIEN input so that proper data flow from the 
\/O device to the Data Bus is maintained. 


The 8216/8226 can be used in a wide variety of other buf- 
fering functions in microcomputer systems such as Address 
Bus Drivers, Drivers to peripheral devices such as printers, 
and as Drivers for long length cables to other peripherals or 
systems. 


SYSTEM 
DATA 
BUS 


Figure 2. 8080 Data Bus Buffer. 


MEMORY 


BI-DIRECTIONAL DATA BUS (8) 


Figure 3. Memory and 1/O Interface to a Bi-Directional Bus. 
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D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 

Maximum Ratings’’ may cause permanent damage to the 

Temperature Under Bias ............. 0°C to 70°C GeviCe. This is a Stress rating only and functional opera- 

é - tion of the device at these or any other conditions above 

Storage Temperature ............ -65 C to+150°C ae ; ; as, 

those indicated in the operational sections of this specitfi- 

All Output and Supply Voltages... .... -0.5V to +7V cation is not implied. Exposure to absolute maximum 

All Input Voltages ..............., -1.0V to +5.5V rating conditions for extended periods may affect device 
Output Currents ............... 00000. 125 mA reliability. 


Ta = 0°C to +70°C, Voc=t+5V +5% 


ley Input Load Current DIEN, CS P| 0.15 Ve =0.45 
leo Input Load Current All Other Inputs | | -0.08 | -25 | ma | Ve =0.45 
In Input Leakage Current DIEN, CS ae ee Vp =5.25V 
IR2 Input Leakage Current DI Inputs EO Ay VR =5.25V 
Vo Input Forward Voltage Clamp a a -1 V lc =-5mA 
Ilo! Output Leakage Current DO 20 HA Vo = 0.45V/5.25V 
(3-State) DB 100 
cc ower Supply Curren 
8226 85 120 mA 
Vout Output ‘‘Low”’ Voltage 0.3 .45 V DO Outputs Io,=15mA 
DB Outputs Io, =25mA 
0.5 V DB Outputs Io, =55mA 
VoL2 Output “‘Low”’ Voltage tee ‘ 
0.5 DB Outputs Io, =50mA 
VOH1 Output ‘‘High” Voltage 3.65 cS aa ee DO Outputs Ioy = -imA 
VoH2 Output “‘High” Voltage tk Sar ae DB Outputs Ioy = -10MA 
los Output Short Circuit Current -15 -35 -65 mA DO Outputs Vo = OV, 
-30 -75 -120 mA DB Outputs Voc =5.0V 


NOTE: Typical values are for Ta = 25°C, Vcc = 5.0V. 


eee 
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WAVEFORMS 


INPUTS 1.5V 


_ 


OUTPUT 
ENABLE 


5V 
OUTPUTS 1.5V an | 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Vec = +5V +5% 


Tep1 Input to Output Delay DO Outputs 25 ns C,.=30pF, R,=300Q 
Rz=60022 
Tpp2 Input to Output Delay DB Outputs 
8216 20 30 ns C, =300pF, R1=902 


16 25 ns | Ro = 1800 


Te Output Enable Time 
ns (Note 2) 


Vv 

TEST CONDITIONS: TEST LOAD CIRCUIT > 
Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. “4 
Output loading is 5 mA and 10 pF. “ee 

Speed measurements are made at 1.5 volt levels. 

Cc. R, 

CAPACITANCE ®! = 


Parameter 


TEST CONDITIONS: Vejas =2.5V, Voc =5.0V, Ta = 25°C, f = 1 MHz. 
NOTES: 


1. Typical values are for Ta = 25°C, Vcc = 5.0V. 

2. DO Outputs, CL = 30pF, Ry = 300/10 K2, R2 = 180/1KQ; DB Outputs, Cy = 300pF, R; = 90/10 K2, Ro = 180/1 KQ. 
3. DO Outputs, CL = 30pF, R1 = 300/10 KQ, Ro = 600/1K; DB Outputs, Cy = 300pF, Ry = 90/10 KQ, R2= 180/1 KQ. 

4. DO Outputs, Cy = 5pF, Ry = 300/10 KQ, Ro = 600/1 K2; DB Outputs, CL = SpF, Ry = 90/10 KQ, Ra = 180/1 KQ. 

5. This parameter is periodically sampled and not 100% tested. 
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M8216 " 
4-BIT PARALLEL BI-DIRECTIONAL BUS DRIVER A 


= Data Bus Buffer Driver for 8080 CPU @ 3.40V Output High Voltage for Direct 
= Low Input Load Current: .25 mA Interface to 8080 CPU 
Maximum # Three-State Outputs 
@ High Output Drive Capability for Driving @ Full Military Temperature Range -55°C 
System Data Bus To +125°C 
@ 16-Pin Dual In-Line Package m@ +10% Power Supply Tolerance 


The M8216 is a 4-bit bi-directional bus driver /receiver. 


All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.40V Vou, and for high capacitance 
terminated bus structures, the DB outputs provide a high 50mA Io, capability. 


The M8216 is used to meet a wide variety of applications for buffering in microcomputer systems. 


PIN CONFIGURATION LOGIC DIAGRAM 
8216 


Diy O 
O DBy 
DO, O 
DI, O 
O DB, 
DO, 0 
Di, © 
O DB, 
DO, O 
PIN NAMES . 
3 O 
O DB, 
Rana eet 7 
DATA BUS DO.O 
BI-DIRECTIONAL 4 
DATA INPUT 
DATA OUTPUT 
DATA IN ENABLE 
DIRECTION CONTROL 
eae ERE e ae | _ 
CHIP SELECT | O cS 
DIEN O 
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D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 

Maximum Ratings’’ may cause permanent damage to the 

Te nipetarunenUnder BIAS .duccusmanve _55°C to +125°C device. This is a stress rating only and functional opera- 

o AO tion of the device at these or any other conditions above 

ST OTAGe TEMPE rau sagte. eis Gettaeeas 6 = 0GeG to TtSU those indicated in the operational sections of this specifi- 

All Output and Supply Voltages......... —0.5V to +7V cation is not implied. Exposure to absolute maximum 

All Input Voltages ...........-.-0-- —1.0V to +5.5V rating conditions for extended periods may affect device 
OUTOUt-CULTERIS 50 oti Gao a met diok le eek ed 125 mA reliability. 


T, = -85°C to +125°C, Vag = +5V 10% 


Vit Input ‘‘Low” Voltage a Vec = 5V 


Output Leakage Current DO 
(3-State) 


Power Supply Current 


Vo =.45V to Vcc 


O 
lee) 


el 
Vin Input ‘‘High’’ Voltage ee ae 


= nN 

oO 
ES 
Be 
> 


Output ‘‘Low” Voltage 


-_ DO Outputs Ioy = -2mA 


VoOH2 Output ‘‘High”’ Voltage 
DB Outputs Igy = -5.0mA 


los Output Short Circuit Current -15 -35 -65 mA DO Outputs Vcc = 5.0V 
DB Outputs Vcc = 5.0V 


DO Outputs Io, =15mA 
DB Outputs lo, =25mA 


DB Outputs lo, =bOmMA 
DO Outputs Igy = -.5mA 


on 
QO 
8 
o 
E 
ro) 
= 


< 
.@) 
a 
© 
Ww 
E 
on 


W 
© 
~ 
on 
— 
NO 
Oo 
> 

> 


NOTE: Typical values are for Ta = 25°C, Vcc =5.0V. 


10-141 


M8216 


WAVEFORMS 


INPUTS 1.5V 


OUTPUT 
ENABLE 


OUTPUTS 


A.C. CHARACTERISTICS 
Ta = -55°C to +125°C, Voc = +5V +10% 
| Typ) | Max. | Unit Conditions 


Symbol Parameter | Min. | 

Tpep1 Input to Output Delay DO Outputs | | te] oe (NOTE 2) 

oe Input to Output Delay DB Outputs 20 (NOTE 2) 

Te Output Enable Time 45 75 ns (NOTE 2) 
TEST CONDITIONS: TEST LOAD CIRCUIT Vee 
Input pulse amplitude of 2.5V. R, 


Input rise and fall times of 5 ns between 1 and 2 volts. 
OUT 


CAPACITANCE 


Parameter 


Input Capacitance 
Output Capacitance DO Outputs 


TEST CONDITIONS: Vgias =2.5V, Voc =5.0V, Ta = 25°C, f = 1 MHz. 


NOTES: 1. Typical values are for Ta = 25°C, Vcc = 5.0V. 
2: 


, ENABLE?) 
, ENABLEJ) 
, ENABLE?) 
, ENABLEJ) 


, DISABLE?) 
, DISABLE}) 
, DISABLET) 
, DISABLE)) 
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=» Synchronous and Asynchronous 
Operation 


« Synchronous: 
5-8 Bit Characters 
Internal or External Character 
Synchronization 
Automatic Sync Insertion 


=» Asynchronous: 
5-8 Bit Characters 
Clock Rate — 1,16 or 64 Times 
Baud Rate 
Break Character Generation 
1, 114, or 2 Stop Bits 
False Start Bit Detection 


8251 
PROGRAMMABLE COMMUNICATION INTERFACE 


Baud Rate —DC to 56k Baud (Sync Mode) 


DC to 9.6k Baud (Async Mode) 
Full Duplex, Double Buffered, 
Transmitter and Receiver 


Error Detection — Parity, Overrun, 
and Framing 


Fully Compatible with 8080 CPU 
28-Pin DIP Package 


All Inputs and Outputs Are 
TTL Compatible 


Single 5 Volt Supply 
Single TTL Clock 


The 8251 is a Universal Synchronous/Asynchronous Receiver/Transmitter (USART) Chip designed for data communications 
in microcomputer systems. The USART is used as a peripheral device and is programmed by the CPU to operate using virtually 
any serial data transmission technique presently in use (including |BM Bi-Sync). The USART accepts data characters from the 
CPU in parallel format and then converts them into a continuous serial data stream for transmission. Simultaneously it can 
receive serial data streams and convert them into parallel data characters for the CPU. The USART will signal the CPU 
whenever it can accept anew character for transmission or whenever it has received a character for the CPU. The CPU can read 
the complete status of the USART at any time. These include data transmission errors and control signals such as SYNDET, 
TxEMPT. The chip is constructed using N-channel silicon gate technology. 


PIN CONFIGURATION 


o,C)1 28 {]D, 
o,()2 Dy 
RxD () 3 Vo 
GNo {4 RxC 
o,()5 DTR 
o, C6 RTS 
0, 7 DSR 
5 RESET 
Txc LJ 9 CLK 
WR [[] 10 TxD 
cs [J 11 TxEMPTY 
c/D (12 cTs 
RD {(L] 13 SYNDET 
RxRDY L_]J 14 TxRDY 


DSR 
DTR 
SYNDET 
RTS 
cTSs 
TxE 

Vec 
GND 


Pin Function 
Data Bus (8 bits) 
Control or Data is to be Written or Read 


Read Data Conimand 

Write Data or Control Command 

Chip Enable 

Clock Pulse (TTL) 

Reset 

Transmitter Clock 

Transmitter Data 

Receiver Clock 

Receiver Data 

Receiver Ready (has character for 8080) 
Transmitter Ready (ready for char. from 8080) 


Data Set Ready 
Data Terminal Ready 


Sync Detect 


Request to Send Data 
Clear to Send Data 
Transmitter Empty 
+5 Volt Supply 


Ground 


BLOCK DIAGRAM 


TRANSMIT 
BUFFER 
(P -S) 


READ/WRITE 
CONTROL 


TRANSMIT 
CONTROL 


RECEIVE 
BUFFER 
(S -P) 


MODEM 
CONTROL 


RxRDY 


RECEIVE 
CONTROL 


_-RxC 
INTERNAL 


DATA BUS SYNDET 
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8251 BASIC FUNCTIONAL DESCRIPTION 
General 


The 8251 is a Universal Synchronous/Asynchronous Re- 
ceiver/Transmitter designed specifically for the 8080 Micro- 
computer System. Like other I/O devices in the 8080 Micro- 
computer System its functional configuration is programmed 
by the systems software for maximum flexibility. The 8251 
can support virtually any serial data technique currently 
in use (including IBM ‘’bi-sync’’). 


In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear “‘transparent”’ to the CPU, a simple 
input or output of byte-oriented system data. 


Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8251 to the 8080 system Data Bus. Data is transmitted 
or received by the buffer upon execution of {Nput or OUT- 
put instructions of the 8080 CPU. Control words, Command 
words and Status information are also transferred through 
the Data Bus Buffer. 


Read/Write Control Logic 


This functional block accepts inputs from the 8080 Control 
bus and generates control signals for overall device operation. 
It contains the Control Word Register and Command Word 
Register that store the various control formats for device 
functional definition. 


RESET (Reset) 


A “high” on this input forces the 8251 into an “‘Idle’’ mode. 
The device will remain at ‘‘Idle’’ until a new set of control 
words is written into the 8251 to program its functional 
definition. Minimum RESET pulse width is 6 tcy. 


CLK (Clock) 


The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter clock in- 
puts for synchronous mode (4.5 times for asynchronous 
mode). 


WR (Write) 


A “low” on this input informs the 8251 that the CPU is 
outputting data or control words, in essence, the CPU is 
writing out to the 8251. 


RD (Read) 


A “low” on this input informs the 8251 that the CPU is in- 
putting data or status information, in essence, the CPU is 
reading from the 8251. 


Wetec, (ARS IN ETN Om aN neo ACER EERO TEES Om 


C/D (Control/Data) 


This input, in conjunction with the WR and RD inputs in- 
forms the 8251 that the word on the Data Bus is either a 
data character, control word or status information. 
1=CONTROL O=DATA 


CS (Chip Select) 


A “low” on this input enables the 8251. No reading or writ- 
ing will occur unless the device is selected . 


DATA 
BUS 
BUFFER 


READ/WRITE 
CONTROL 
LOGIC 


C/D RD WR 
8251 = DATA BUS 
DATA BUS = 8251 
STATUS = DATA BUS 
DATA BUS = CONTROL 
DATA BUS = 3-STATE 
DATA BUS = 3-STATE 


xx-7 +00 
x2 +00 
x- O02 
oOo OO ay 
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Modem Control 


The 8251 has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. 
The modem control signals are general purpose in nature 
and can be used for functions other than Modem control, 
if necessary. 


DSR (Data Set Ready) 


The DSR input signal is general purpose in nature. Its con- 
dition can be tested by the CPU using a Status Read opera- 
tion. The DSR input is normally used to test Modem con- 
ditions such as Data Set Ready. 


DTR (Data Terminal Ready) 


The DTR output signal is general purpose in nature. It can 
be set “low” by programming the appropriate bit in the 
Command Instruction word. The DTR output signal is norm- 
ally used for Modem contro! such as Data Terminal Ready 
or Rate Select. 


RTS (Request to Send) 


The RTS output signal is general purpose in nature. It can 
be set “low” by programming the appropriate bit in the 
Command Instruction word. The RTS output signal is norm- 
ally used for Modem control such as Request to Send. 


CTS (Clear to Send) 


A “low” on this input enables the 8251 to transmit data 
(serial) if the Tx EN bit in the Command byte is set to a 


a we 


one, 


Transmitter Buffer 


The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the ap- 
propriate characters or bits (based on the communication 
technique) and outputs a composite serial stream of data on 
the TxD output pin. 


Transmitter Control 


The Transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 
function. 


TxRDY (Transmitter Ready) 


This output signals the CPU that the transmitter is ready 
to accept a data character. It can be used as an interrupt to 
the system or for the Polled operation the CPU can check 
TxRDY using a status read operation. TxRDY is automatic- 
ally reset when a character is loaded from the CPU. 


TxE (Transmitter Empty) 


When the 8251 has no characters to transmit, the TxE out- 
put will go “high’’. It resets automatically upon receiving a 
character from the CPU. TxE can be used to indicate the 
end of a transmission mode, so that the CPU “‘knows” when 
to “turn the line around” in the half-duplexed operational 
mode. TxE is independent of the TxEN bit in the 
Command instruction. 


In SYNChronous mode, a “high” on this output indicates 
that a character has not been loaded and the SYNC charac- 
ter or characters are about to be transmitted automatically 


as ‘fillers’. TxE goes low as soon as the SYNC is being 
shifted out. 


TRANSMIT 
BUFFER 
(PS) 


TRANSMIT 
CONTROL 


MODEM 
CONTROL 


TxC (Transmitter Clock) 


The Transmitter Clock controls the rate at which the char- 
acter is to be transmitted. In the Synchronous transmission 
mode, the frequency of TxC is equal to the actual Baud 
Rate (1X). In Asynchronous transmission mode, the fre: 


quency of TxC is a multiple of the actual Baud Rate. A 


portion of the mode instruction selects the value of the 
multiplier; it can be 1x, 16x or 64x the Baud Rate. 


For Example: 


If Baud Rate equals 110 Baud, 
TxC equals 110 Hz (1x) 

TxC equals 1.76 kHz (16x) 
TxC€ equals 7.04 kHz (64x). 


The falling edge of TxC shifts the serial data out of the 
8251. 
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Receiver Buffer 


The Receiver accepts serial data, converts this serial input 
to parallel format, checks for bits or characters that are 
unique to the communication technique and sends an 
“‘assembled’’ character to the CPU. Serial data is input to 
the RxD pin. 


Receiver Control 


This functional block manages all receiver-related activities. 


RxRDY (Receiver Ready) 


This output indicates that the 8251 contains a character that 
is ready to be input to the CPU. RxRDY can be connected 
to the interrupt structure of the CPU or for Polled opera- 
tion the CPU can check the condition of RxRDY using a 
status read operation. RxRDY is automatically reset when 
the character is read by the CPU. 


RxC (Receiver Clock) 


The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the frequency of 
RxC is equal to the actual Baud Rate (1x). In Asynchronous 
Mode, the frequency of RxC is a multiple of the actual 
Baud Rate. A portion of the mode instruction selects the 
value of the multiplier; it can be 1x, 16x or 64x the Baud 
Rate. 


If Baud Rate equals 300 Baud, 
RxC equals 300 Hz (1x) 

RxC equals 4800 Hz (16x) 

RxC equals 19.2 kHz (64x). 

If Baud Rate equals 2400 Baud, 
RxC equals 2400 Hz (1x) 

RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). 


For Example: 


Data is sampled into the 8251 on the rising edge of RxC. 


NOTE: In most communications systems, the 8251 will be 
handling both the transmission and reception operations of 
a single link. Consequently, the Receive and Transmit Baud 
Rates will be the same. Both TxC and RxC will require iden- 
tical frequencies for this operation and can be tied together 
and connected to a single frequency source (Baud Rate 
Generator) to simplify the interface. 


SYNDET (SYNC Detect) 


This pin is used in SYNChronous Mode only. It is used as 
either input or output, programmable through the Control 
Word. It is reset to ‘‘low’’ upon RESET. When used as an 
output (internal Sync mode), the SYNDET pin will go 
“high” to indicate that the 8251 has located the SYNC 
character in the Receive mode. If the 8251 is programmed 
to use double Sync characters (bi-sync), then SYNDET will 
go “high” in the middle of the last bit of the second Sync 
character. SYNDET is automatically reset upon a Status 
Read operation. 


When used as an input, (external SYNC detect mode), a 
positive going signal will cause the 8251 to start assembling 
data characters on the falling edge of the next RxC. Once 
INSYNC, the “high’’ input signal can be removed. The dura- 
tion of the high signal should be at least equal to the period 
of RxC. 


RECEIVE 
BUFFER 
(S+P) 


RECEIVE 
CONTROL 


ADDRESS BUS 


CONTROL BUS 


170 R| 1/0 W] RESET 2 
(TTL) 


DATA BUS 
io Cs D7-D, RD WR_= RESET CLK 


8251 


8251 Interface to 8080 Standard System Bus 
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DETAILED OPERATION DESCRIPTION 
General 


The complete functional definition of the 8251 is program- 
med by the systems software. A set of control words must 
be sent out by the CPU to initialize the 8251 to support the 
desired communications format. These control words will 
program the: BAUD RATE, CHARACTER LENGTH, 
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH- 
RONOUS OPERATION, EVEN/ODD PARITY etc. In the 
Synchronous Mode, options are also provided to select either 
internal or external character synchronization. 


Once programmed, the 8251 is ready to perform its com- 
munication functions. The TxRDY output is raised “high” 
to signal the CPU that the 8251 is ready to receive a char- 
acter. This output (TxRDY) is reset automatically when the 
CPU writes a character into the 8251. On the other hand, 
the 8251 receives serial data from the MODEM or I/O de- 
vice, upon receiving an entire character the RxRDY output 
is raised ‘‘high”’ to signal the CPU that the 8251 has a com- 
plete character ready for the CPU to fetch. RxRDY is reset 
automatically upon the CPU read operation. 


The 8251 cannot begin transmission until the TxEN (Trans- 
mitter Enable) bit is set in the Command Instruction and 
it has received a Clear To Send (CTS) input. The TxD out- 
put will be held in the marking state upon Reset. 


Programming the 8251 


Prior to starting data transmission or reception, the 8251 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251 and must immediately follow 
a Reset operation (internal or external). 


The control words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


Mode Instruction 


This format defines the general operational characteristics 
of the 8251. It must follow a Reset operation (internal or 
external). Once the Mode instruction has been written into 
the 8251 by the CPU, SYNC characters or Command in- 
structions may be inserted. 


Command Instruction 


This format defines @ status word that is used to control 
the actual operation of the 8251. 


Both the Mode and Command instructions must conform to 
a specified sequence for proper device operation. The Mode 
Instruction must be inserted immediately following a Reset 
operation, prior to using the 8251 for data communication. 


All control words written into the 8251 after the Mode In- 
struction will load the Command Instruction. Command In- 
structions can be written into the 8251 at any time in the 
data block during the operation of the 8251. To return to 
the Mode Instruction format a bit in the Command Instruc- 
tion word can be set to initiate an internal Reset operation 
which automatically places the 8251 back into the Mode 
Instruction format. Command Instructions must follow the 
Mode Instructions or Sync characters. 


MODE INSTRUCTION 
SYNC CHARACTER 1 
SYNC MODE 
SYNC CHARACTER 2 | ONLY 
COMMAND INSTRUCTION 


Cc/D =0 DATA 


COMMAND INSTRUCTION 


C/D =0 DATA 
C/D = 1 COMMAND INSTRUCTION 


*The second SYNC character is skipped if MODE instruction 
has programmed the 8251 to single character Internal SYNC 
Mode. Both SYNC characters are skipped if MODE instruction 
has programmed the 8251 to ASYNC mode. 


Typical Data Block 
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Mode Instruction Definition 


The 8251 can be used for either Asynchronous or Synchro- 
nous data communication. To understand how the Mode 
Instruction defines the functional operation of the 8251 the 
designer can best view the device as two separate components 
sharing the same package. One Asynchronous the other 
Synchronous. The format definition can be changed ‘‘on 
the fly’’ but for explanation purposes the two formats will 
be isolated. 


Asynchronous Mode (Transmission) 


Whenever a data character is sent by the CPU the 8251 
automatically adds a Start bit (low level) and the program- 
med number of Stop bits to each character. Also, an even 
or odd Parity bit is inserted prior to the Stop bit(s), as de- 
fined by the Mode Instruction. The character is then trans- 
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 


When no data characters have loaded into the 8251 the 
TxD output remains “high” (marking) unless a Break (con- 
tinuously low) has been programmed. 


Asynchronous Mode (Receive) 


The RxD fine is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom- 
inal center. If a low is detected again, it is a valid START 
bit, and the bit counter will start counting. The bit counter 
locates the center of the data bits, the parity bit (if it ex- 
ists) and the stop bits. If parity error occurs, the parity er- 
ror flag is set. Data and parity bits are sampled on the RxD 
pin with the rising edge of RxC. If a low level is detected as 
the STOP bit, the Framing Error flag will be set. The STOP 
bit signals the end of a character. This character is then 
loaded into the parallel 1/O buffer of the 8251. The RxRDY 
pin is raised to signal the CPU that a character is ready to 
be fetched. If a previous character has not been fetched by 
the CPU, the present character replaces it in the I/O buf- 
fer, and the OVERRUN flag is raised (thus the previous 
character is lost). All of the error flags can be reset by a 
command instruction. The occurrence of any of these er- 
rors will not stop the operation of the 8251. 
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D, De Dg Dy D, D, Dy 


BAUD RATE FACTOR 


5 6 7 8 
BITS ; BITS { BITS | BITS 


PARITY ENABLE 
1=ENABLE 0= DISABLE 


EVEN PARITY GENERATION/CHECK 


1=EVEN 0=ODD 
NUMBER OF STOP BITS 


1 1% 2 
INVALID] gi BITS | BITS 


Mode Instruction Format, Asynchronous Mode 


TRANSMITTER OUTPUT 


START PARITY sToP 
TxD MARKING | BIT | DATA BITS [ an | BITS 


RECEIVER INPUT 
| START | Ba STOP | 
RxD BIT DATA BITS BITS 


TRANSMISSION FORMAT 
CPU BYTE (5-8 BITS/CHAR) 


| DATA CHARACTER | 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 
Ea DATA CHARACTER pea | ae 
RECEIVE FORMAT 
SERIAL DATA INPUT (RxD) 


Ei Es STOP 


CPU BYTE (5-8 BITS/CHAR)* 


| DATA CHARACTER | 


*NOTE: 1F CHARACTER LENGTH IS DEFINED AS 5, 6 OR 7 
BITS THE UNUSED BITS ARE SET TO “ZERO”. 


Asynchronous Mode 


8251 


Synchronous Mode (Transmission) 


The TxD output is continuously high until the CPU sends 
its first character to the 8251 which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data is shifted out at the same 
rate as the TxC. 


Once transmission has started, the data stream at TxD out- 
put must continue at the TxC rate. If the CPU does not pro- 
vide the 8251 with a character before the 8251 becomes 
empty, the SYNC characters (or character if in single SYNC 
word mode) will be automatically inserted in the TxD data 
stream. In this case, the TxEMPTY pin is raised high to sig- 
nal that the 8251 is empty and SYNC characters are being 
sent out. TxEMPTY goes low when SYNC is being shifted 
out (See Figure below). The TxEMPTY pin is internally 
reset by the next character being written into the 8251. 


AUTOMATICALLY INSERTED BY USART 


TxD | DATA | DATA {| SYNC 1 | SYNC 2 | pata | ——-——— | 
TxEMPTY | | | 


NOMINAL CENTER OF LAST BIT 


Synchronous Mode (Receive) 


In this mode, character synchronization can be internally 
or externally achieved. If the internal SYNC mode has been 
programmed, the receiver starts in a HUNT mode. Data on 
the RxD pin is then sampled in on the rising edge of RxC. 
The content of the Rx buffer is continuously compared 
with the first SYNC character until a match occurs. If the 
8251 has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The SYN- 
DET pin is then set high, and is reset automatically by a 
STATUS READ. 


In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin. The high level can 
be removed after one RxC cycle. 


Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. 


The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. 


D, Dg Dg 0D, Dz Dz 


D, Dy 
CHARACTER LENGTH 
on eee 
5 6 7 8 
BITS | BITS | BITS | BITS 


PARITY ENABLE 
(1 = ENABLE) 
(0 = DISABLE) 


EVEN PARITY GENERATION/CHECK 
1= EVEN 
0= ODD 


EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
0 = SYNDET IS AN OUTPUT 


SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0 = DOUBLE SYNC CHARACTER 


Mode Instruction Format, Synchronous Mode 


CPU BYTES (5-8 BITS/CHAR) 


| DATA CHARACTERS | 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


SYNC SYNC | 
CHAR 1 CHAR 2 DATA CHARACTERS 


RECEIVE FORMAT 
SERIAL DATA INPUT (RxD) 


SYNC SYNC | 
CHAR 1 CHAR 2 DATA CHARACTERS 


CPU BYTES (5-8 BITS/CHAR) 


| DATA CHARACTERS | 


Synchronous Mode, Transmission Format 
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COMMAND INSTRUCTION DEFINITION 


Once the functional definition of the 8251 has been pro- 
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func- 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 


Once the Mode Instruction has been written into the 8251 
and Sync characters inserted, if necessary, then all further 
“control writes’ (C/D = 1) will load the Command In- 
struction. A Reset operation (internal or external) will 
return the 8251 to the Mode Instruction Format. 


D, De Of OD, Dz 0, D, Dg 
jew | im [ars] en fosnel ace | ore [rae 
TRANSMIT ENABLE 


= enable 
0 = disable 


DATA TERMINAL 
READY 

“high” will force OTR 
output to zero 


RECEIVE ENABLE 
1 = enable 
0 = disable 


SEND BREAK 
CHARACTER 
1 = forces TxD “low 
0 = normal operation 


oo 


ERROR RESET 
= reset all error flags 
PE, OE, FE 


REQUEST TO SEND 
“high” will force RTS 
output to zero 


INTERNAL RESET 
“high” returns 8251 to 
Mode Instruction Format 


ENTER HUNT MODE 
1 = enable search for Sync 
Characters 


Command Instruction Format 


STATUS READ DEFINITION 


In data communication systems it is often necessary to 
examine the “status” of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor’s attention. The 8251 has facilities that allow the 
programmer to “‘read’”’ the status of the device at any time 
during the functional operation. 


A normal “read’”’ command is issued by the CPU with the 
C/D input at one to accomplish this function. 


Some of the bits in the Status Read Format have identical 
meanings to external output pins so that the 8251 can be 
used in a completely Polled environment or in an interrupt 
driven environment. 


Status update can have a maximum delay of 16 clock 
periods. 


D, De Ds D, D, D, D, Do 


SAME DEFINITIONS AS {/O PINS 


PARITY ERROR 
The PE flag is set when a parity 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the 8251. 


OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 
It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 8251; 
however, the previously overrun 
character is lost. 


FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. !t is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the 8251. 


Status Read Format 


Note 1: TxRDY status bit has similar meaning as the TxRDY 
output pin. The former is not conditioned by CTS and 
TxEN,; the latter is conditioned by both CTS and 
TxEN. 
i.e. TXRDY status bit = DB Buffer Empty 
TxRDY pin out = DB Buffer Empty » CTS « TxEN 
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APPLICATIONS OF THE 8251 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


UU 


CRT 
TERMINAL 


L J 
BAUD RATE 
GENERATOR 


Asynchronous Serial Interface to CRT Terminal, 
DC-9600 Baud 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


SYNCHRONOUS 
TERMINAL 


OR PERIPHERAL 
DEVICE 


Synchronous Interface to Terminal or Peripheral Device 


ADDRESS BUS 
CONTROL BUS 
RxD 


DATA BUS 


BAUD 
RATE 
GENERATOR 


TELEPHONE 
LINE 


Asynchronous Interface to Telephone Lines 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


ure 


RxD 


SYNC 
MODEM 


TELEPHONE 
LINE 


Synchronous Interface to Telephone Lines 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT.: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ........-----: —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage On Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground..........-.-- —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation... 0.0.2... 20.002 ee eee 1 Watt reliability. 


D.C. CHARACTERISTICS 


Te 0°C to 70°C; Vec = 5.0V +5%; GND = OV 


Synbot | Parameter [Min 
Vit Input Low Voltage | -.5 | 
Vin Input High Voltage 


VOH Output High Voltage 2.4 V lon = -100HA 
0 ue VOUT = “6G 


CAPACITANCE 
Ta = 25°C; Vec = GND = OV 


[Parameter [Min 
Input Capacitance a 
1/O Capacitance ae 


Symbol Test Conditions 
fc = 1IMHz 


Unmeasured pins returned to GND. 


TEST LOAD CIRCUIT: 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (dB) 


A OUTPUT DELAY (ns) 


Figure 1. A CAPACITANCE (pF) 
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A.C. CHARACTERISTICS 


Ta j= 0°C to 70°C; Vec = 5.0V +5%; GND = OV 


/ 


BUS PARAMETERS: (Note 1) 


READ CYCLE 
SYMBOL PARAMETER | min. | Max. | UNIT | TEST CONDITIONS 
tar Address Stable Before READ (CS, C/D) 50 fonts 
tan Address Hold Time for READ (CS, C/D) | 5 | = | ns | 
fac READ Pulse Width 430 | | ons 
ae Data Delay from READ ae 350 ons | Cy = 100 pF 
tor READ to Data Floating 200 ns C, = 100 pF 
25 ns C, = 15 pF 
trv Recovery Time Between WRITES (Note 2) a re tcy 
WRITE CYCLE 


taw 
tWA 
tww 
tpw 


Address Stable Before WRITE 


VRITE a 

Address Hold Time for WRITE a ae 

WRITE Pulse Width | 400 | fons 
ae 
Led 


SYMBOL PARAMETER | MIN. | MAX. | UNIT TEST CONDITIONS 


Data Set Up Time for WRITE 200 


Data Hold Time for WRITE 


. AC timings measured at Voy = 2.0, Vo, = .8, and with load circuit of Figure 1. 
- This recovery time is for initialization only, when MODE, SYNC1, SYNC2, COMMAND 


and first DATA BYTES are written into the USART. Subsequent writing of both 
COMMAND and DATA are only allowed when TxRDY = 1. 
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OTHER TIMINGS: 


symBoL | | —s- PARAMETER) =——is—~—sisd:=CiMINN..s«|_s« MAX. | UNIT. | TEST CONDITIONS 
tHrx Rx Data Hold Time to Sampling Pulse ee a eS a C, = 100 pF 


tr» Transmitter Input Clock Frequency 
1x Baud Rate DC 
16x and 64x Baud Rate DC 
trew Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 
ttpp Transmitter Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 
frx Receiver Input Clock Frequency 
1x Baud Rate 
16x and 64x Baud Rate 
tRew Receiver Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 
tRpep Receiver Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


tTx TxRDY Delay from Center of Data Bit 
trx RxRDY Delay from Center of Data Bit 


tis Internal SYNDET Delay from Center 
tes Internal SYNDET Set-Up Time Before 


o> 


oe et 
oes: 
< < 


QO 
< 


H 
H 


Oo 0 
oem?) 


o8 oa rae A , Oo 
<< <~ < <r J < 


tcy C,. = 50 pF 
2 


© 


NO 
o 


ot + | ot 
2) qQ 1|O 
q ; a 


tTxE TxEMPTY Delay from Center of Data Bit tcy C,. = 50 pF 
twc Control Delay from Rising Edge of tcy 

WRITE (TxE,DTR,RTS) 
tcr Control to READ Set-Up Time (DSR,CTS) tcy 


3. The TxC and RxC frequencies have the following limitations with respect to CLK. 
For 1x Baud Rate, ft, or fry < 1/(30 tcy) 
For 16x and 64x Baud Rate, fry or fry < 1/(4.5 tcy) 


4. Reset Pulse Width = 6 tcy minimum. 
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READ AND WRITE TIMING 


Sen a Ee aa: 
t t 
ow wo} 
‘ww 


*WRITE AND READ PULSES OSA.CTS 
HAVE NO TIMING LIMITATION 
WITH RESPECT TO CLK. 


TRANSMITTER CLOCK 
AND DATA 
TxC (1x BAUD) 


TxC (16x BAUD) 


RECEIVER CLOCK 
AND DATA 


RxC (1x BAUD) 
INTERNAL 


SAMPLING | | 


PULSE 
START BIT ———___> |+__—_—_—— 1st DATA BIT ——_—_—_—_> 


RxD 


a Sax te 


8 RxC PER 1 PERIODS —————> 
CARR. [+8 RxC PERIODS->|=——. 16 Rx PERIODS 


SAMPLING | | | 


PULSE 


Tx RDY AND Rx RDY 


TIMING (ASYNC MODE) 
RxD l START BIT[ _DATABITS 
Rx RDY 
READ 
Tx EMPTY rz 
So 2 try —e! 
Tx RDY y 
ws 
WRITE YO 
WRITE 1st BYTE WRITE 2nd BYTE WRITE 3rd BYTE 
TxD MARKING] START BIT DATA BIT é PARITY BIT] STOP| BIT | START BIT 
{gp age pa AA BYTE > + and DATA BYTE 


INTERNAL SYNC DETECT . 
eee SYNC CHARACTER (01101001) ————_—___+ 


RxD j 1st BIT | | | [LAST BIT | 
RESET BY 
tig Fr Zo SOFTWARE 


SYNDET ) 
(OUTPUT) . COMMANDS 


EXTERNAL SYNC DETECT 


SYNDET eu—o_ 
(INPUT) 


intel 


=" Synchronous and Asynchronous 
Operation 


« Synchronous: 
5-8 Bit Characters 
Internal or External Character 
Synchronization 
Automatic Sync Insertion 


=" Asynchronous: 
5-8 Bit Characters 
Clock Rate — 1,16 or 64 Times 
Baud Rate 
Break Character Generation 
1, 114, or 2 Stop Bits 
False Start Bit Detection 


M8251 
PROGRAMMABLE COMMUNICATION INTERFACE 


Baud Rate — DC to 56k Baud (Sync Mode) 
DC to 8.1k Baud (Async Mode) 


Full Duplex, Double Buffered, 
Transmitter and Receiver 


Error Detection — Parity, Overrun, 
and Framing 


Fully Compatible with 8080 CPU 


All Inputs and Outputs Are 
TTL Compatible 


Full Military Temperature Range 
-55°C to +125°C 
+10% Power Supply Tolerance 


The M8251 is a Universal Synchronous/Asynchronous Receiver/Transmitter (USART) Chip designed for data 
communications in microcomputer systems. The USART is used as a peripheral device and is programmed 
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM 
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into 
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con- 
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept 
a new character for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USART at any time. These include data transmission errors and control signals such 
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology. 


PIN CONFIGURATION 


b,O)1 28 (Jo, 
od, 2 27 I'D, 
RxD [[] 3 26 [F] Veg 
cno (4 25 (L] Rxc 
b,(j5 DTR 
b, C] 6 RTS 
o,{] 7 22 {_] DSR 
D, RESET 
Txc [J 9 CLK 
WR [J 10 TxD 
cs (11 TxEMPTY 
c/B ([) 12 CTs 
RDC] 13 SYNDET 
RxRDY [[] 14 15 [[] TxRDY 


Pin Function 
Data Bus (8 bits) 
Control or Data is to be Written or Read 

Read Data Command 

Write Data or Control Command 

Chip Enable 

Clock Pulse (TTL) 

Reset 

Transmitter Clock 

Transmitter Data 

Receiver Clock 

Receiver Data 

Receiver Ready (has character for 8080) 
Transmitter Ready {ready for char. from 8080) 


| Pin Name | Pin Function 
Data Set Ready 
Data Terminal Ready 
Sync Detect 
Request to Send Data 
Clear to Send Data 
Transmitter Empty 
+5 Volt Supply 
Ground 


M8251 BLOCK DIAGRAM 


TRANSMIT 
BUFFER 
(P -S) 


BUS 
BUFFER 


ey 


D,-Dy 


READ/WRITE 


CONTROL TRANSMIT 


CONTROL 


= 
i 


RECEIVE 
Cl BUFFER 
(S -P) 


| RECEIVE 


CONTROL 


INTERNAL 
DATA BUS 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “‘Absolute 


Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias... .. -55°C to +125°C tion of the device at these or any other conditions above 
Storage Temperature .............. —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage On Any Pin cation is not implied. Exposure to absolute maximum 

With Respect toGND...........-.. -0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation... .....0.--. 02.02 eee eee 1 Watt reliability. 


D.C. CHARACTERISTICS 


Ta =-55°C to +125°C; Vcc = 5.0V +10%; GND = OV 


w ae VOUT =< ce 


CAPACITANCE 


Ta = 25°C; Vcc = GND = OV 


Test Conditions 
fc = 1MHz 


Unmeasured pins returned to GND. 


Co 
S 
a 
S 
= 


TEST LOAD CIRCUIT: 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (dB) 


A OUTPUT DELAY (ns) 


Figure 1. \ CAPACITANCE (pF) 


10-157 


M8251 


A.C. CHARACTERISTICS "2! 


Ta = -55°C to +125°C; Vcc = 5.0V +10%; GND =O0V 


Symbol Parameter | Min. | Typ. | Max. | Test Conditions 
oe a 7 
| Data Hold Timefor WRITE | bo 


tsRx Rx Data Set-Up Time to Sampling Pulse 


n 


NO 


tou Data Hold Time for WRITE } 40 fo 
taw Address Stable before WRITE 

|_Rx Data Set-Up Time to Sampling Pulse | 

| Rx Data Hold Time to Sampling Pulse | 


00 
“” 


turRx Rx Data Hold Time to Sampling Pulse 
ft [1] Transmitter Clock Frequency 

1X Baud Rate 56 KHz 

16X and 64X Baud Rate 529 KHz 
fry [1] Receiver Clock Frequency 

1X Baud Rate DC KHz 

16X and 64X Baud Rate DC KHz 
tr TxRDY Delay from Center of Data Bit FTF 16 | CLK Period 
try RxRDY Delay from Center of Data Bit | 16 | | 20 CLK Period 
tis Internal Syndet Delay from Center of Data Bit | 20 | | 28 CLK Period 
tes External Syndet Set-Up Time before Falling CLK Period 

Edge of RxC 


Note 1: The TxC and RxC frequencies have the following limitation with respect to CLK. 
For ASYNC Mode, tT, or tRy > 4.5 tcy 
For SYNC Mode, tT, or try = 30 tcy 
2. AC timings are measured at V OH = 2.0V, Voy, = 0.8V, and load circuit of Figure 1. 
3. Float timings are measured at Voy = 2.48V, Voy = 2.08V 


Figure 1. Test Load Circuit. 


R = 11432 


T = 100pF 


WAVEFORMS (See 8251 Waveforms, page 10-155) 
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8253 
PROGRAMMABLE INTERVAL TIMER 


= 3 Independent 16-Bit Counters = Count Binary or BCD 
@ DC to 2 MHz m@ Single +5V Supply 
= Programmable Counter Modes @ 24 Pin Dual-In-Line Package 


The 8253 is a programmable counter/timer chip designed for use with microprocessors. It uses nMOS technology with a 
single +5V supply and is packaged in a 24-pin plastic DIP. 


It is organized as three independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are 
software programmable by the 8080. 


PIN CONFIGURATION BLOCK DIAGRAM 
1 
CLK O 
2 
: COUNTER arene 
: OUT 0 
5 
6 
? 
8 
: CLK 1 
COUNTER 
=1 GATE 1 
OUT 1 
| PIN NAMES CLK 2 
D,-Dp __ DATABUS (88IT) =a ee COUNTER py 
| CLK N - COUNTER CLOCK INPUTS REGISTER #2 
GATEN COUNTER GATE INPUTS Knee 


OUT N COUNTER OUTPUTS 


_RD_ __ READ COUNTER 7 
WR WRITE COMMAND OR DATA 
cs CHIPSELECT 


Ag: A, COUNTER SELECT 


— ou oe via 
GND ==GROUND- tt tst—sissS INTERNAL BUS 
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8253 BASIC FUNCTIONAL DESCRIPTION 
General 


The 8253 is a programmable interval timer/counter 
specifically designed for use with the Intel® 8080 
Microcomputer system. Its function is that of a general 
purpose, multi-mode timing element that can be treated as 
an array of I/O ports in the system software. 


The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 


Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 
e Programmable Rate Generator 
Event Counter 
Binary Rate Multiplier 
Real Time Clock 
Digital One-Shot 
Complex Motor Controller 


Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the MCS-80 system data bus. Data is 
transmitted or received by the buffer upon execution of 
INput or OUTput CPU instructions. The Data Bus Buffer 
has three basic functions. 


1. Programming the MODES of the 8253. 
2. Loading the count registers. 
3. Reading the count values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the MCS-80™ 
system bus and in turn generates control signals for 
overall device operation. It is enabled or disabled by CSso 
that no operation can occur to change the function unless 
the device has been selected by the system logic. 


RD (Read) 

A “low” on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 


A “low” on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 


AO, A1 


These inputs are normally connected to the MCS-80™ 
address bus. Their function is to select one of the three 
counters to be operated on and to address the control 
word register for mode selection. 


CS (Chip Select) 


A “low” on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 


counters. 


8253 BLOCK DIAGRAM 


Load Counter No. 0 
Load Counter No. 1 
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Control Word Register 


The Control Word Register is selected when AO, A1 are 11. 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 


The Control Word Register can only be written into; no 
read operation of its contents is available. 


Counter #0, Counter #1, Cuunter #2 


These three functional blocks are identical in operationso 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 


The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 


The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read “on the fly” without having to inhibit 
the clock input. 


8253 SYSTEM INTERFACE 


The 8253 is a component of the Intel MCS-80 System and 
interfaces in the same manner as all other peripherals of 
the family. It is treated by the systems software as an array 
of peripheral !/O ports; three are counters and the fourth is 
a control register for MODE programming. 


Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, suchas 
an Intel® 8205 for larger systems. The RD and WR inputs 
are normally connected to the |OR and |OW outputs of the 
8228 but they can be connected to the MEMR and MEMW 
signals in a memory mapped I/O configuration so that 
the full memory operating instructions of the 8080A can be 
used to initialize and maintain the 8253. 


COUNTER £ 
#0 : 


COUNTER 
#1 


8253 BLOCK DIAGRAM 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


a: 
S 
em 
Ss 
= 


O 
cs 


A, 


Ao DoD, 
8253 
COUNTER COUNTER COUNTER 
0 


ol 


OUT GATE CLK OUT GATE CLK OUT GATE CLK 


8253 SYSTEM INTERFACE 
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8253 DETAILED 
OPERATIONAL DESCRIPTION 


General 


The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. These control words program the MODE, 
Loading sequence and selection of binary or BCD 
counting. 


Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 


The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 


Programming the 8253 


All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 


Each counter of the 8253 is individuaily programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 


Control Word Format 


D7 Dg Ds D, D3 Do Dy, Do 


Pser [sco [aur | ato [wa] mi [wo | eco 


Definition of Control Fields 
S$C-Select Counter 


Select Counter 0 
Select Counter 1 
Select Counter 2 


Counter Latching operation (see 
READ/WRITE Procedure Section) 


Read/Load most significant byte only. 


Read/Load least significant byte only. 


Read/Load least significant byte first, 
then most significant byte. 


Binary Counter 16-bits 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 


MODE Definition 


MODE 0: Interrupt on terminal count. 

The OUTput will be initially low after the Mode set 
operation. After the count is loaded into the selected 
count register, the OUTput will remain low and the 
counter will count. When terminal count is reached the 
OUTput will go high and remain high until the selected 
count register is reloaded with the Mode. 


Reloading a counter register during counting results in 
the following: 


(1) Load 1st byte stops the current counting. 
(2) Load 2nd byte starts the new count. 


The GATE input will enable the counting when high and 
inhibit counting when low. 


MODE 1: Programmable One-Shot. 
The OUTput will go low on the count following the rising 
edge of the GATE input. 


The OUTput will go high on the terminal count. If a new 
count value is loaded while the OUTput is low it will not 
affect the duration of the One-Shot pulse until the 
succeeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 


The one-shot is retriggerable, hence the output will 
remain low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator 


Divide by N counter. The OUTput will be low for one 
period of the input clock. The period from one output 
pulse to the next equals the number of input counts in the 
count register. If the count register is reloaded between 
output pulses the present period will not be affected, but 
the subsequent period will reflect the new value. 


The GATE input, when low, will force the OUTput high. 
When the GATE input goes high, the counter will start 
from the initial count. Thus, the GATE input can be used to 
synchronize the counter. 


When this MODE is set, the output will remain high until 
after the count register is loaded. The output then can also 
be synchronized by software. 


MODE 3: Square Wave Rate Generator. 


Similar to MODE 2 except that the OUTput will remain 
high until one half the count has been completed (for even 
numbers) and go low for the other half of the count. If the 
count is odd, the OUTput will be high for (N+1)/2 counts 
and low for (N-1)/2 counts. 


If the counter register is reloaded with a new value during 
counting, this new value will be reflected immediately 
after the output transition of the current count. 


MODE 4: Software triggered strobe. 


After the mode is set, the output will be high. When the 
count is loaded, the counter will begin counting. On 
terminal count, the output will go low for one input clock 
period, then will go high again. 


If the count register is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. The count will be 
inhibited while the gate input is low. Reloading the 
counter register will restart counting beginning with the 
new number. 


MODE 5: Hardware triggered strobe. 


The counter will start counting after the rising edge of the 
trigger input and will go low for one clock period when the 
terminal count is reached. The counter is retriggerable. 
The output will not go low until the full count after the 


rising edge of any trigger. 
Enables 
counting 


GATE Pin Operations Summary 


Signal Low 
Low 
a 
counting 


1 1) Initiates 
counting 
2) Resets output 
after next clock 
3 


~— 


1) Disables 
counting Initiates Enables 
2) Sets output counting counting 
immediately 


high 


1) Disables 
counting initiates Enables 
2) Sets output counting counting 
immediately 
high 


Disables Enables 
counting counting 
Initiates 
counting 
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(n = 4) |<——n ——_>| 
| | 
{ { 
WRm | j ! 1 
\ ! 
I ! 
GATE | ; 
5 4 3 2 1 #0 
OUTPUT (INTERRUPT) l 1 I J 
(m = 5) ema) ey 
A B 
A+B=m 


MODE 1 


TRIGGER 


OUTPUT | I 


(n = 4) 


TRIGGER Vo pe er 
4 3 2 4 3 2 1 @Q 
OUTPUT | J 


MODE 2 
clock JOU LP LPL LLL LLL Le 
Wn n=4 n=3 
OUTPUT 4 3 2 1 O(4) 3 2 1 =Of3)2 1 #0 
0(3) 3 2 #1 «=O(3) 2 1 «=Of3) 2 #1 
OUTPUT (n= 3) 


RESET l J 


8253 


MODE 3 
cock [PLPLFLFLFLFLFLeLrLe Ly Ly Ly 1 
04) 3 2 1 O04) 3 2 +1 014) 3 2 «1 
OUTPUT (n = 4) 
5) 4 3 2 1 05) 4 3 2 1 O06) 4 3 
OUTPUT (n = 5) 
4 3 2 1 04) 3 2 «1 
OUTPUT (n = 4) 
RESET =e 
MODE 4 


LOAD n n=4 


GATE | { 
OUTPUT 1 j 


MODE 5 


cvock JF LUPLPLLL LLL 
GATE j 


OUTPUT (n = 4) 


GATE i | j 


OUTPUT (n = 4) 


8253 TIMING DIAGRAMS 
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8253 READ/WRITE PROCEDURE Programming Format 


ite erations 
Write Op 10 MODE Control Word 
Counter n 
Count Register byte 
Counter n 
Count Register byte 
Counter n 


The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 


The actual order of the programming is quite flexible. ee 


Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 es not Note: Format shown isa simple example of loading the 8253 and 
have to be first or counter #2 last. Each counters MODE does not imply that it is the only format that can be used. 
control word register has a separate address so that its 

loading is completely sequence independent. (SCO, SC1) 


The loading of the Count Register with the actual count Alternate Programming Formats 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter’s count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be No. 1 
loaded with the number of bytes programmed in the 


Example: 


MODE Contro! Word 
1 
Counter O 


MODE control word (RLO, RL1). The one or two bytes to MODE Control! Word 
be loaded in the count register do not have to follow the No. 2 Bs 
associated MODE control word. They can be programmed 


at any time following the MODE control word loading as No. 3 
long as the correct number of bytes is loaded in order. 


MODE Control Word 1 
Counter 2 
Count Register Byte 
EPP Counter 1 poy a 


All counters are down counters. Thus, the value loaded 


into the count register will actually be decremented. No, 4 
Loading all zeroes into a count register will result in the 
maximum count (2" for Binary or 10* for BCD). In MODE 0 —_ Lae 
the new count will not restart until the load has been No. 5 | MSB Counter 1 
completed. It will accept one of two bytes depending on Count Register Byte 
how the MODE control words (RLO, RL1) are program- No. 6 pa Maaee {fe 
med. Then proceed with the restart operation. 
eo fe mae [Le 
; Counter 2 
Sooo 
Counter 0 2 
woofs come [1° 
Counter 0 Ss 


Note: The exclusive addresses of each counter’s count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 
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8253 READ/WRITE PROCEDURE 


Read Operations 


in most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 


There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AO, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO, 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 


first |/O Read contains the least significant byte (LSB). 


second !/O Read contains the most significant byte 
(MSB). 


Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 


Read Operation Chart 


Read Counter No. 0 
Read Counter No. 1 
Read Counter No. 2 


Reading While Counting 


In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter “on the fly” he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 


MODE Register for Latching Count 


SC1,SC0— specify counter to be latched. 
D5,D4 
X — don't care. 


— 00 designates counter latching operation. 


The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory to 
complete the entire read operation as programmed. 
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Ctric limits are subject ga uation. Some 
ange 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absoluté 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias ........ 0°C to 70°C : a 

Storage Temperature .............. ~65°C to +150°C tion of Me device at these or any Omer GOnGINOAS aveve 

Voltage On Any Pin those indicated in the operational sections of this specifi- 
With RespecttoGround .............. -0.5Vto+7V cation is not implied. Exposure to absolute maximum 

Power Dissipation ...............0 cece eee eee 1 Watt rating conditions for extended periods may affect device 


reliability. 


D.C. CHARACTERISTICS (T, = 0°C to 70°C; Voc = 5V +5%) 


SYMBOL | PARAMETER | min. | MAX. | UNITS TEST CONDITIONS 
Vie Input Low Voltage | 8 | ae 
Vin Input High Voltage 2.0 V 


x 
V 
In" 
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4 
A.C. CHARACTERISTICS Ta, = 0°C to 70°C; Vcc = 5.0V +5%; GND = OV 1 of 8 Ting 4, 
Sug, Dg,,. 
BUS PARAMETERS: (Note 1) AAD) 
ang,” S 
READ CYCLE 9, Om 


SYMBOL PARAMETER | min. | Max. | UNIT | TEST CONDITIONS 
tar Address Stable Before READ | 50 | | ons 
tRA Address Hold Time for READ a ee eee 
tae READ Pulse Width 420 | | ns 

pons | 


fa Data Delay from READ | | 300 C, = 100 pF 
tor READ to Data Floating 200 C. = 100 pF 
25 CL =15 pF 
WRITE CYCLE 
SYMBOL PARAMETER | min. | MAX. | UNIT | TEST CONDITIONS 
tay Address Stable Before WRITE | 50 | 


twa Address Hold Time for WRITE 


a 
are 
tww WRITE Pulse Width Ze 
tow Data Set Up Time for WRITE | 30 | 

ze 


twp Data Hold Time for WRITE 


trv Recovery Time Between WRITES = 


Note 1: AC timings measured at Voy = 2.0, VoL = -8, and with load circuit of Figure 1. 


WRITE TIMING READ TIMING 


tar 


DATA BUS 


al 


wR DATA BUS 
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A.C. CHARACTERISTICS (Cont'd): Ta = 0°C to 70°C; Voc = 5.0V +5%: GND = OV Mes 5 Ting, / 
Suz. § 


CLOCK AND GATE TIMING - ange” 8 


SYMBOL PARAMETER | min. | max. | unit | TEST CONDITIONS 
tek Clock Period | 300 | ie Ts 

tpwu High Pulse Width | 20 = «| sid 
toa). Low Pulse Width 


tow Trigger Pulse Width 200 
tes Gate Set Up Time To CLKt 
tGH Gate Hold Time After CLKTt 


top Output Delay From CLK L 300 C,. = 50 pF 
towH> <<——- tow, > tes —-, <—_- 
CLK ¥ 
tooo teu 


GATEG 


OUTPUT 0 
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PROGRAMMABLE PERIPHERAL INTERFACE 


= 24 Programmable I/O Pins 
= Completely TTL Compatible 


@ Fully Compatible with Intel 
Microprocessor Families 


= Improved Timing Characteristics 


The 8255A is a general purpose programmable I/O 


m Direct Bit Set/Reset Capability Easing 
Control Application Interface 


= 40 Pin Dual-In-Line Package 
m Reduces System Package Count 
# Improved DC Driving Capability 


device designed for use with microprocessors. It has 24 1/O 


pins which may be individually programmed in two groups of twelve and used in three major modes of operation. In 
the first mode (Mode 0), each group of twelve I/O pins may be programmed in sets of 4 to be input or output.In Mode 1, 
the second mode, each group may be programmed to have 8 lines of input or output. Of the remaining four pins three are 
used for handshaking and interrupt control signals. The third mode of operation (Mode 2) is a Bi-directional Bus mode 
which uses 8 lines for a bi-directional bus, and five lines, borrowing one from the other group, for handshaking. 


Other features of the 8255A include bit set and reset capability and the ability to source 1/mA of current at 1.5 volts. This 
allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 


PIN CONFIGURATION 


BIDIRECTIONAL OATA BUS 


D..0 


PIN NAMES 


. DATA BUS (BI-DIRECTIONAL) 


RESET INPUT 


READ INPUT 
. WRITE INPUT 
. PORT ADDRESS 


: PA7-PAO PORT A (BIT) i 
: PB7-PBO PORT B (BIT) 

PC7-PCO © PORT C (BIT) 

Vcc +§ VOLTS 
| GND _ § VOLTS 


POWER 
SUPPLIES 


<=) 


BLOCK DIAGRAM 


—— +r +5y 


GRouP 
A 


GND vo 


Pi 
on PAs-PAc 


GROUP 
a 


CONTROL 


| GROUP 
A 
—_ vam) 
K a pete Ke ae 
| UPPER PC--PCa 
4 


DATA | 
Bus { 
BUFFER 


8-BIT 
INTERNAL] i 
paTrasus| | 


8 
Ky tonic K > 
; LOWER 
t 


H 

t 

t 

I 

‘ 

i 

GROUP i 
a i 


CONTROL 


GROVE 


WO 
PCy PCy 
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8255 BASIC FUNCTIONAL DESCRIPTION 


General 


The 8255 is a Programmable Peripheral Interface (PPI) de- 
vice designed for use in 8080 Microcomputer Systems. Its 
function is that of a general purpose |/O component to inter- 
face peripheral equipment to the 8080 system bus. The 
functional configuration of the 8255 is programmed by the 
system software so that normally no external logic is nec- 
essary to interface peripheral devices or structures. 


Data Bus Buffer 


This 3-state, bi-directional, eight bit buffer is used to inter- 
face the 8255 to the 8080 system data bus. Data is trans- 
mitted or received by the buffer upon execution of {Nput 
or OUTput instructions by the 8080 CPU. Control Words 
and Status information are also transferred through the Data 
Bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words, It accepts inputs from the 8080 CPU Address and 
Control busses and in turn, issues commands to both of the 
Control Groups. 


(CS) 
Chip Select: A “low” on this input pin enables the com- 
munication between the 8255 and the 8080 CPU. 


CONTROL 


aes ae ee 


Se 


SERS: 


8255 Biock Diagram 


(RD) 
Read: A “‘low” on this input pin enables the 8255 to send 
the Data or Status information to the 8080 CPU on the 


Data Bus. In essence, it allows the 8080 CPU to ‘‘read from” 
the 8255. 


(WR) 

Write: A “low” on this input pin enables the 8080 CPU to 
write Data or Control words into the 8255. 

(Ao and A) 


Port Select 0 and Port Select 1: These input signals, in con- 
junction with the RD and WR inputs, control the selection of 
one of the three ports or the Control Word Register. They 
are normally connected to the least significant bits of the 
Address Bus (Ay and A,). 


8255 BASIC OPERATION 


= 


INPUT OPERATION (READ) 


PORT A= DATA BUS 
PORT B = DATA BUS 
PORT C= DATA BUS 
OUTPUT OPERATION 
(WRITE) 

DATA BUS = PORT A 
DATA BUS = PORT B 
DATA BUS = PORT C 
DATA BUS = CONTROL 


DISABLE FUNCTION 


DATA BUS = 3-STATE 
ILLEGAL CONDITION 


DATA BUS = 3-STATE 


-“|O/O 


=|-lo/o 


x) AX 
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(RESET) 


Reset: A “high” on this input clears all internal registers in- 
cluding the Control Register and all ports (A, B, C) are set 
to the input mode. 


Group A and Group B Controls 


The functional configuration of each port is programmed 
by the systems software. In essence, the 8080 CPU “‘out- 
puts’’ a control word to the 8255. The contro! word con- 
tains information such as ‘‘mode”’, “‘bit set’’, “‘bit reset’’ 
etc. that initializes the functional configuration of the 8255. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words’’ from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A — Port A and Port C upper (C7-C4) 
Control Group B — Port B and Port C lower (C3-CO) 


The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 


8255 BLOCK DIAGRAM 


GROUP 


A % 
CONTROL § 


GROUP 
B 


CONTROL 


Ports A, B, and C 


The 8255 contains three 8-bit ports (A, B, and C). All can 
be configured in a wide variety of functional characteristics 
by the system software but each has its own special features 
or “personality” to further enhance the power and flexi- 
bility of the 8255. 


Port A: One 8-bit data output latch/buffer and one 8-bit 
data input latch. 


Port B: One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 


Port C: One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be di- 
vided into two 4-bit ports under the mode control. Each 4- 
bit port contains a 4-bit latch and it can be used for the 
control signal outputs and status signal inputs in conjunc- 
tion with Ports A and B. . 


PIN CONFIGURATION 


PIN NAMES 
D;—Do , DATA BUS (BI-DIRECTIONAL) 
[RESET | RESET INPUT 
| ¢S "CHIP SELECT | 
[ RD 3 READ INPUT ae 
| WR WRITE INPUT 
| A0, Al [PORT ADDRESS 
| PA7-PAO PORT A (BIT) 
| PB7-PBO | PORT B (BIT) == 
PC7-PCO PORT C (BIT) “| 
Vcc +5 VOLTS 
GND | @ VOLTS 
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8255 DETAILED OPERATIONAL DESCRIPTION 


Mode Selection 


There are three basic modes of operation that can be select- 
ed by the system software: 


Mode 0 — Basic Input/Output 
Mode 1 — Strobed Input/Output 
Mode 2 — Bi-Directional Bus 


When the RESET input goes “‘high’”’ all ports will be set to 
the Input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the RESET is removed the 8255 can 
remain in the Input mode with no additional initialization 
required. During the execution of the system program any 
of the other modes may be selected using a single OUTput 
instruction. This allows a single 8255 to service a variety of 
peripheral devices with a simple software maintenance rou- 
tine. 


The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be “‘tailored’’ to almost any I/O 
structure. For instance; Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu- 
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


MODE 0 


PB,-PBy PC4-PCy PC,-PC, PAZ-PA, 


MODE 1 B >, A 


oe TT Ui oe 


PB7-PBy) CONTROL CONTROL  PA,-PA, 
OR 1/0 OR 1/0 


MODE 2 B Se A 


{St o1mecrionat 


PB.-PB io. ea, PAPA 
7 
ie : CONTROL mee 


Basic Mode Definitions and Bus Interface 


CONTROL WORD 


osfatoafefala 
ba 


GROUP B 


PORT C (LOWER) 
1 = INPUT 
0 = OUTPUT 


PORT B 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
0 = MODE 0 
1= MODE 1 


GROUP A 


PORT C (UPPER) 
1 = INPUT 
0 = OUTPUT 


PORT A 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1= ACTIVE 


Mode Definition Format 


The Mode definitions and possible Mode combinations may 
seem confusing at first but after a cursory review of the 
complete device operation a simple, logical 1/O approach 
will surface. The design of the 8255 has taken into account 
things such as efficient PC board layout, control signal defi- 
nition vs PC layout and complete functional flexibility to 
support almost any peripheral device with no external logic. 
Such design represents the maximum use of the available 
pins. 


Single Bit Set/Reset Feature 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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When Port C is being used as status/control for Port A or B, 
KORTROLWORD these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 


Interrupt Control Functions 

When the 8255 is programmed to operate in Mode 1 or 
Mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the Bit set/reset function of Port C. 


BIT SET/RESET 
1=SET 
0 = RESET 


BIT SELECT 


This function allows the Programmer to disallow or allow a 
specific 1/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 


INTE flip-flop definition: 


(BIT-SET) — INTE is SET — Interrupt enable 
(BIT-RESET) — INTE is RESET — Interrupt disable 


Note: All Mask flip-flops are automatically reset during 


BIT SET/RESET FLAG 
0= ACTIVE 


Bit Set/Reset Format mode selection and device Reset. 
Operating Modes Mode 0 Basic Functional Definitions: 
Mode 0 (Basic Input/Output) | ® Two 8-bit ports and two 4-bit ports. 


@ Any port can be input or output. 

® Outputs are latched. 

@ Inputs are not latched. 

® 16 different Input/Output configurations are possible 


This functional configuration provides simple Input and 
Output operations for each of the three ports. No ‘‘hand- 
shaking” is required, data is simply written to or read from 
a specified port. 


in this Mode. 
oo teR 
RD 
a 
es 


a CD Cl aD oo 


% 
od 
id 

G 


oo aa a 
Mode 0 (Basic Input) 

ww 

WR 
———— two 
taw twa 
OUTPUT 
twa 

Mode 0 (Basic Output) 
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MODE 0 PORT DEFINITION CHART 


a | 8 | crovpa | | Groups 
ES owe 
(UPPER) (LOWER) 
0 [0 | 0 | 1 | oureur | oureur | 1 | oureur | input 
o [0 | + | 0 | oureur | ourrur | 2 | ineur | oureut 
0 [| 1 | 1 | oureur | oureur | 3 | inpur | inpur 
ofa [0 [1 | oureur | input [8 | oureut [input 
0 [+ [1 | 0 | oureur | ineur | 6 | ineur | output 
ofa} 11) oureur [input [7 | input [input 
+ [0 [0 [+ | eur [oureur || oureur | inpur 
if [+ | 0 | neur | oureur | 10 | input | oureut 
1 [0 [+ [4 iwpur[ourpur [11 | input [input 
[1 [0 | 0 | ineur_[ input [12 | oureur | oureut 
1 [+ [0 [+ | input [ineur [13 | oureur | input 
1 [4 [4 [0 [input ineur [14] input | oureut 
i pas [inut | inet 


INPUT INPUT 


MODE 0 CONFIGURATIONS 


CONTROL WORD #0 CONTROL WORD #2 
Dy 56 Ds Dy D3 Dz Dy Dy Dy, Dg Ds Dy Dz Dz, D, Dy 


CONTROL WORD #1 CONTROL WORD #3 
D, Dg Ds Dy, Ds Dy Dy Dy D, Dg Dg Dy Dz Dy D, Dy 


PA,-PAy 


PA,-PA, 


PC,-PC, 
D; -Dy —_——_—_——_—_ > 


PC, PCy 


PB,-PBy 
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CONTROL WORD #4 


D, Dg Dy 

PA,-PA, 
PC,-PC, 
D,-Dy « : 


PC3-PCy 


PB,-PB, 


CONTROL WORD #5 
D, Dg Os Dy, 93 Dy dD, 


PA,-PA, 
PC,-PC, 
D,-Dy < ’ 


PC3-PC, 


PB,-PB, 


CONTROL WORD #6 


D, Dg 05s Dy 03 D2, OD, 

PA,-PA, 
PC, -PC, 
-:D, <—_—_—__——> 
D;-Dy 


PC3-PC, 


PB,-PB, 


CONTROL WORD #7 
De Os Dy 


D3; Dy 
PA,-PAy 
PC,-PC, 
PC4-PCy 


PB,-PB, 


8255A 
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CONTROL WORD =8 


Dg 


Dz Ds Dy, Dz DO, 0, Dy 


PC, -PC, 
D,-Do OP 


PC3-PCy 


PB,-PB, 


CONTROL WORD #9 
D; D, D3 D, 


PA,-PA, 


PC,-PC, 
D,-D, <——_____> 
PC4-PC, 
PB, -PB, 
CONTROL WORD £10 
Dy: Be Ox. De “Dy Dz. Dy Dy 
PA,-PAy 
PC,-PC, 
D7-Dy « : 
PC3-PC, 
PB,-PB, 
CONTROL WORD #11 
D, Dg Ds Dy, Dg Dy D, Dy 
PA,-PA, 
PC,-PC, 
PC4-PCy 
PB-PB, 


8255A 


CONTROL WORD #12 
Dz, Dg Ds 


Dy - (Dye D5, (Dy. Dh 


CONTROL WORD #13 
D, Dy Dy (Dp “Dy ‘Dg 


De Ds 


D,-D) <—___> 


Operating Modes 
Mode 1 (Strobed Input/Output) 


This functional configuration provides a means for trans- 
ferring |/O data to or from a specified port in conjunction 
with strobes or ‘‘handshaking’’ signals. In Mode 1, Port A 
and Port B use the lines on Port C to generate or accept 
these ‘‘handshaking”’ signals. 
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CONTROL WORD #14 
D, D, D3 Dy, D, Dy 


De Os 


CONTROL WORD #15 
Dy) Dg “Ds DB, Dy (Dy Dy. “Dy 


PA,-PAy 
PC,-PC, 
D,-Dy <> 


PC-PCy 


PB, -PBy 


Mode 1 Basic Functional Definitions: 


® Two Groups (Group A and Group B) 

@ Each group contains one 8-bit data port and one 4-bit 
control/data port. 

@ The 8-bit data port can be either input or output. 
Both inputs and outputs are latched. 

@ The 4-bit port is used for control and status of the 
8-bit data port. 


8255A 


Input Control Signal Definition 
STB (Strobe Input) 


A “low” on this input loads data into the input latch. 


MODE 7 (PORT A) 


CONTROL WORD 


IBF (Input Buffer Full F/F) probe te Pa Ba Bae Pa Po 


A “high” on this output indicates that the data has been Pc , 
loaded into the input latch; in essence, an acknowledgement 1 = INPUT 
IBF is set by STB input being low and is reset by the rising seo | 
edge of the RD input. 


RD ————+-O 
INTR (Interrupt Request) 
A “high” on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a “one”, IBF isa “one” and INTE is a ‘‘one”’. 
It is reset by the falling edge of RD. This procedure allows naneaoe WonD 
an input device to request service from the CPU by simply 


D, D, D. D, D, D, D, D aoe 
strobing its data into the port. 7 6 sg 3 


4 
1 INTE | 


Pt DDD TX Wa 


INTE A 
Controlled by bit set/reset of PC 4. 
INTE B 
Controlled by bit set/reset of PC >. 


Mode 1 Input 


STB 


IBF 


INTR 


PERIPHERAL 


Mode 1 (Strobed Input) 
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Output Control Signal Definition 


OBF (Output Buffer Full F/F) papetan toed fay 


The OBF output will go “low” to indicate that the CPU has 
written data out to the specified port. The OBF F/F will be 


set by the rising edge of the WR input and reset by ACK 
input being low. 


CONTROL WORD 


D, Dg D, Dy a a 


ACK (Acknowledge Input) 


A “low” on this input informs the 8255 that the data from 
Port A or Port B has been accepted. In essence, a response 
from the peripheral device indicating that it has received wR-——> 
the data output by the CPU. 


INTR (Interrupt Request) 
A “high” on this output can be used to interrupt the CPU 


when an output device has accepted data transmitted by the CONTROL WORD 
CPU. INTR is set by ACK is a “one”, OBF is a “one” D, Dg Dg Dy Dz Dz D, Dy 
and_ INTE is a “‘one’’. It is reset by the falling edge SANZ 
of WR. XXX] Le XX 
INTE A 
Controlled by bit set/reset of PCg. 
INTE B es 


Controlled by bit set/reset of PC >. 


Mode 1 Output 


WR 
OBF 
<— twos 
il od 
ACK 
j+—_—- tak —<+——tait 
OUTPUT 


Mode 1 (Strobed Output) 
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Combinations of Mode 1 


Port A and Port B can be individually defined as input or 


output in Mode 1 to support a wide variety of strobed 1/O 
applications. 


RD ——o 


CONTROL WORD 


D, Dg D, Dy Dz Dy D, Dy 


PC. 7 


" 1={NPUT 
0 = OUTPUT 


WwR——>o 


PORT A — (STROBED INPUT) 
PORT B — (STROBED OUTPUT) 


Operating Modes 


Mode 2 (Strobed Bi-Directional Bus 1/O) 


This functional configuration provides a means for com- 
municating with a peripheral device or structure on a single 
8-bit bus for both transmitting and receiving data (bi-direc- 
tional bus I/O). ‘‘Handshaking” signals are provided to main- 
tain proper bus flow discipline in a similar manner to Mode 
1. Interrupt generation and enable/disable functions are 
also available. 


Mode 2 Basic Functional Definitions: 

@ Used in Group A only. 

@ One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

@ Both inputs and outputs are latched. 

@ The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port (Port 
A). 


Bi-Directional Bus !/O Control Signal Definition 


INTR (Interrupt Request) 


A high on this output can be used to interrupt the CPU for 
both input or output operations. 


wR-—-—~o 


CONTROL WORD 


De ‘Ds. Dz ‘D5. D>: Dy Dy 


1 = INPUT 
0 = OUTPUT 


RD——+o 


PORT A — (STROBED OUTPUT) 
PORT B — (STROBED INPUT) 


Output Operations 
OBF (Output Buffer Full) 


The OBF output will go ‘‘low”’ to indicate that the CPU has 
written data out to Port A. 


ACK (Acknowledge) 


A “low” on this input enables the tri-state output buffer of 
Port A to send out the data. Otherwise, the output buffer 
will be in the high-impedance state. 


INTE 1 (The INTE Flip-Flop associated with OBF) 
Controlled by bit set/reset of PCg. 

Input Operations 

STB (Strobe Input) 

A “low” on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 


A “high” on this output indicates that data has been loaded 
into the input latch. 


INTE 2 (The tNTE Flip-Flop associated with IBF) 
Controlled by bit set/reset of PC4q. 


10-180 


8255A 


CONTROL WORD 
Dr De Ds 0, Dz D2 Dy D% INTR, 
Bons 
ORF, 
PCo0 ACK, 
1 = INPUT 
0 = OUTPUT 
PORT B see 
1 = INPUT STB, 
0 = OUTPUT 
IBF, 
GROUP B MODE 
0 = MODE 0 
1=MODE 1 
1/0 
Mode 2 Control Word Mode 2 
DATA FROM 


WA, 8080 TO 8255 
WR 


IBF 


PERIPHERAL __ 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


Mode 2 (Bi-directional) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 


i —— 
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 


CONTROL WORD 
D, Dg Ds Dy Dz D, D, Dy 


UL DDD oft [ve 


CONTROL WORD 
D, Dg D, Dy D3 Dz D, Dy 


PC9 PCr9 
1 = INPUT = INPUT 
0 = OUTPUT 0 = OUTPUT 


MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) 


INTR, 


% 

P 
S 
iss 


CONTROL WORD CONTROL WORD 


D, Dg Dg Dy Dz Dy D, Dy 


LL XPD To Dx] 


D, Dg Dz Dy D3 D, D, Dy 


575, tL Db | DX 


IBF, 
OBF, 
RD +——_—_——- ACK, RD ——_—_+o 
WR INTRg 


WR —————o9 


ee A A A LT TE Gt Nt andar enue ns oma vimame cam tty 


Mode 2 Combinations 
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MODE DEFINITION SUMMARY TABLE 


Special Mode Combination Considerations 


There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 


If Programmed as Inputs — 
All input lines can be accessed during a normal Port C 
read. 


If Programmed as Outputs — 
Bits in C upper (PC7-PC,4) must be individually accessed 
using the bit set/reset function. 


Bits in C lower (PC3-PCoy) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 


Source Current Capability on Port B and Port C 


Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 


Reading Port C Status 


In Mode O, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts ‘“‘hand-shaking’’ signals 
with the peripheral device. Reading the contents of Port C 


GROUP A ONLY 


—_——_—_—_ > 


MODE 0 
OR MODE 1 
ONLY 


allows the programmer to test or verify the ‘‘status’’ of each 
peripheral device and change the program flow accordingly. 


There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 


INPUT CONFIGURATION 


D, 06 Ds D, D3 Dy D, Do 
Il 


T T 
GROUP A GROUP B 
OUTPUT CONFIGURATION 
DF. Dy “De Dy, Dy Dp Dy. DG 


T 
GROUP A 


Mode 1 Status Word Format 
Dy «Dy, {Dy 


D, De De Dy Dg 
Piel Pm DDD 


t L 


Ses aes 


a tan 
GROUP A __-— GROUP B 


Jee 
(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


Mode 2 Status Word Format 
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APPLICATIONS OF THE 8255 


The 8255 is a very powerful tool for interfacing peripheral 
equipment to the 8080 microcomputer system. It represents 
the optimum use of available pins and is flexible enough to 
interface almost any !/O device without the need for ad- 
ditional external logic. 


Each peripheral device in a Microcomputer system usually 
has a “‘service routine’ associated with it. The routine man- 
ages the software interface between the device and the CPU. 
The functional definition of the 8255 is programmed by the 
1/O service routine and becomes an extension of the sys- 
tems software. By examining the I/O devices interface char- 
acteristics for both data transfer and timing, and matching 
this information to the examples and tables in the Detailed 
Operational Description, a control word can easily be de- 
veloped to initialize the 8255 to exactly ‘‘fit’’ the applica- 
tion. Here are a few examples of typical applications of the 
8255. 


INTERRUPT 
REQUEST 


HIGH-SPEED 
PRINTER 


MODE1 | 
(OUTPUT) 


_ HAMMER 
RELAYS 


DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 


DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 
RIBBON 
CARRIAGE SEN. 


MODE 1 
(OUTPUT) 


DATA READY 
ACK 


INTERRUPT 
REQUEST 


FULLY 
DECODED 
KEYBOARD 


MODE 1_| 
(INPUT) 


CONTROL 


STROBE 
ACK 


BURROUGHS 
SELF-SCAN 
DISPLAY 


MODE 1 


(OUTPUT) || BACKSPACE 


CLEAR 


DATA READY 
ACK 
BLANKING 
CANCEL WORD 


INTERRUPT 
REQUEST 


Keyboard and Display Interface 


INTERRUPT 
REQUEST 


FULLY 
DECODED 
KEYBOARD 


MODE 1 
(INPUT) | 


SHIFT 
CONTROL 


STROBE 
ACKNOWLEDGE 


BUSY LT 


TEST LT 


TERMINAL 
CONTROL LOGIC AND DRIVERS ADDRESS 
INTERRUPT 


REQUEST 


MODE 0 
(INPUT) | 


Printer Interface 


Keyboard and Terminal Address Interface 
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INTERRUPT 
REQUEST 


FLOPPY DISK 
CONTROLLER 
AND DRIVE 


| 


MODE 0 - 
(OUTPUT) 


ANALOG OUTPUT 


CONVERTER 
(DAC) 
DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 


MSB 


STB DATA 


OUTPUT EN 
TRACK “0” SENSOR 


SYNC READY 
INDEX 


BIT 


SET/RESET 
SAMPLE EN 


STB 


LSB ENGAGE HEAD 
8-BIT 


KG FORWARD/REV. 
CONVERTER |<—— ANALOG INPUT READ ENABLE 
(ADC) are WRITE ENABLE 
(OUTPUT) DISC SELECT 
ENABLE CRC 
TEST 
BUSY LT 


MODE 0 
(INPUT) 


Digital to Analog, Analog to Digital Basic Floppy Disc Interface 
INTERRUPT TE 
REQUEST REGUS 


CRT CONTROLLER 

@ CHARACTER GEN. 
@ REFRESH BUFFER 
e CURSOR CONTROL 


8 LEVEL 
PAPER 
R, TAPE 

READER 


MODE 1 


SHIFT 
Libra (INPUT) 


(OUTPUT) CONTROL 


DATA READY 
ACK 
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8255 MACHINE TOOL 


START/STOP 
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Distributed Intelligence Multi-Processor Interface 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature .............. —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground. ........... —0.5V to+7V rating conditions for extended periods may affect device 
Power Dissipation... .........00 002 eee eee 1 Watt reliability. 


D.C. CHARACTERISTICS Ty, = 0°C to 70°C, Vcc = +5V +5%; GND = OV 


SYMBOL PARAMETER 
Vit Input Low Voltage 


UNIT | TEST CONDITIONS 


oa |v 


VIH Input High Voltage Vec V 


NaS 
oOo} © 


lo. (DB) Output Low Current (Data Bus) 
lo (PER) Output Low Current (Peripheral Port) 1.7 
lon (DB) Output High Current (Data Bus) 


lon (PER) Output High Current (Peripheral Port) 


3 
> 


Vo. = 0.45V 
mA | Vo. = 0.45V 
uA | Voy =2.4V 
uA | Voy =2.4V 


IpaR!1! Darlington Drive Current | -1.0 | m Rext = 7502; Vext = 1.5V 
lec Power Supply Current ot 120 mA 

lie Input Leakage Ff 10 LA Vin = Vec 

lOFEL Output Float Leakage fe le tO. pA Vout = GND + 0.45, Vec 


Note: 1. Adaptable on any 8 pins from Ports Band C. 


CAPACITANCE Ta, = 25°C; Vcc = GND = OV 


SYMBOL ARAMETER UNIT TEST CONDITIONS le 
Cio 1/O Capacitance he ae eS ae aS Unmeasured pins returned to GND #S 


TEST LOAD CIRCUIT (FOR DB) 


7502 


Au 100pF 


* Vexr IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE SPECIFICATION. 
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A.C. CHARACTERISTICS Ta = 0°C to 70°C: Voc = +5V +5%; GND = OV 


BUS PARAMETERS: 
READ: 
SYMBOL PARAMETER min. | MAX. | UNIT | TEST CONDITIONS 
tar Address Stable Before READ Po 
te READ Pulse Width a a ee 
tor Data Float After READ CL = 100 pF 
WRITE: 
tiie Address Stable After WRITE Saree 2 
two Data Valid After WRITE | 30 [| 
OTHER TIMINGS: | 
twe WR=1 To Output | | 380 ns CL = 100 pF 
tir Peripheral Data Before RD = ns 
tuR Peripheral Data After RD | l) ee ns 


tak ACK Pulse Width 300 
tst STB Pulse Width 500 
tps Per. Data Before T.E. Of STB 

tpy Per. Data After T.E. Of STB 


(77) ” n ”n ” 


> 
nv 


tap ACK=0 To Output ns CL = 100 pF 
tkp ACK=1 To Output Float 250 ns CL = 100 pF 
twos WR=1 To OBF=0 | | 50s | ns | CL = 100 pF 
trip RD=1 To IBF=0 | | 300 | ns. | CL= 100 pF 
tsit STB=1 To INTR=1 | F300, | nsf CL = 100 pF 
ta ACK=1 To INTR=1 | | 350 CL = 100 pF 
twit |_ WR=0 To INTR=0 | | 850 | ons] CL = 100 pF 


Note: Period of Reset pulse must be at least 50us during or after power on. 
Subsequent Reset pulse can be 500 ns min. 
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RD 
7 eae tuR— 
taR————> Soares RA 


cs me os i 


d,0o— —e oro roar ormYl orl > — «ae ome 


Mode 0 (Basic Input) 


tww 
WR 
two 
—S taw twa 
OUTPUT 


twe 


Mode 0 (Basic Output) 
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STB 


IBF 


INTR 


PERIPHERAL 


Mode 1 (Strobed tnput) 


OUTPUT CD ‘ 


S 
LP 
S 
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Mode 1 (Strobed Output) 
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INTR 


PERIPHERAL 
BUS 


DATA FROM 
8080 TO 8255 


8255A 


<—___—_—_ tps —____-—______» —*|tap|=— aaa tkp + 


~--------- (+= }------4--- 


DATA FROM 
PERIPHERAL TO 8255 


DATA FROM 
8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


Mode 2 (Bi-directional) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF *» MASK « STB » RD + OBF * MASK » ACK « WR) 
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= 24 Programmable I/O Pins 

Completely TTL Compatible 

= Fully Compatible with MCS”-80 
Microprocessor Family 

® Full Military Temperature Range 
-55°C to +125°C 


M8255A Sn, 
PROGRAMMABLE PERIPHERAL INTERFACE 


Direct Bit Set/Reset Capability Easing 
Control Application Interface 


40 Pin Dual In-Line Package 
Reduces System Package Count 
+10% Power Supply Tolerance 


The M8255A is a general purpose programmable I/O device designed for use with microprocessors. It has 24 |/O pins 
which may be individually programmed in two groups of twelve and used in three major modes of operation. In the first 
mode (Mode 0), each group of twelve I/O pins may be programmed in sets of 4 to be input or output. In Mode 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining four pins three are used for 
handshaking and interrupt control signals. The third mode of operation (Mode 2) is a Bi-directional Bus mode which uses 8 
lines for a bi-directional bus, and five lines, borrowing one from the other group, for handshaking. 


Other features of the M8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. This 
allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 


PIN CONFIGURATION 


M8255A 


PIN NAMES 
D,—Do DATA BUS (BI-DIRECTIONAL) 
[ RESET | RESET INPUT 
[ cs | CHIP SELECT | 
RD READ INPUT 
| WR _|_WRITE INPUT 
AO, Al PORT ADDRESS 
PA7-PAO PORT A (BIT) 
b~ —4 
PB7-PBO | PORT B (BIT) | 
PC7-PCO PORT C (BIT) 
Vcc +5 VOLTS 
GND g VOLTS 


BI DIRECTIONAL DATA BUS 


D, Oy 


SUPPLIES 


DATA 


BUS 
BUFFER 
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M8255A BLOCK DIAGRAM 


GROUP 


A 
ae 


PA, PAg 


GROUP 


A 10 
PORT C PC, PC 


UPPER 


8 BIT 
INTERNAL 
DATA BUS 


GROUP 7 
B 


CONTROL 


M8255A tian = IMINARY 
ia Siang 


cha 
ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under De i 


Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias. .... ~55°C to +125°C tion of the device at these or any other conditions above 
Storage Temperature. ............. —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage On Any Pin cation is not implied. Exposure to absolute maximum 

With Respect toGND.............. ~0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation...................00., 1 Watt reliability. 


D.C. CHARACTERISTICS T, = -55°C to +125°C;Vcc = +5V +10%: GND = OV 


Parameter 


Unit Test Conditions 


Vib Input Low Voltage V 

Vin Input High Voltage V 

VoL Output Low Voltage V loL= 1.7mA 

Vou Output High Voltage V low = -50uUA (-100uA for D.B. Port) 
lon 1] Darlington Drive Current mA Vou = 1.5V, Rex = 7502 

lec Power Supply Current 

lie Input Leakage Vin = Voc 


Output Float Leakage 


Vout = 0.45V/Veec 


NOTE: 
1. Available on 8 pins only. 


A.C. CHARACTERISTICS Tj = -55°C to +125°C, Voc = +5V +10%: GND = OV 


twe Pulse Width of WR 400 

tow Time D.B. Stable Before WR ns 

two Time D.B. Stable After WR ns 

taw Time Address Stable Before WR ns 

twa Time Address Stable After WR ns 

tcw Time CS Stable Before WR ns 

twe Time CS Stable After WR ns 

twp Delay From WR To Output ns C, = 50pF 
trp Pulse Width of RD ns 

tir RD Set-Up Time ns 

tur Input Hold Time ns 

trp Delay From RD = 0 To System Bus ns C._ = 100pF 
top Delay From RD = 1 To System Bus 150 ns C. = 15pF/100pF 
tar Time Address Stable Before RD ns 

tcr Time CS Stable Before RD ns 

tak Width Of ACK Pulse ns 

tsT Width Of STB Pulse ns 

tps Set-Up Time For Peripheral ns 

tpy Hold Time For Peripheral ns 

tra Hold Time for A;, Ag After RD = 1 ‘ns 
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A.C. CHARACTERISTICS (Continued) 


Hold Time For CS After RD = 1 
Time From ACK = 0 To Output (Mode 2) 


taD 
tkp Time From ACK = 1 To Output Floating C, = 15pF/50pF 
two Time From WR = 1 To OBF =0 
tao Time From ACK = 0 To OBF = 1 
— CL = 50pF 
ts} Time From STB = 0 To IBF = 1 


Time From RD = 1 To IBF =0 


Symbol Parameter | Min. | Typ. [ Max. | Unit | Test Conditions 


Cin Input Capacitance fo = 1MHz 


Ci/o 1/O Capacitance 20 pF Unmeasured pins returned 
to GND 


R= 11432 


TEST LOAD CIRCUIT: DUT © Vrer = 2.28V 


Cy 


IK 


DATA FROM 
/, 8080 TO 8255 


PERIPHERAL 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


Mode 2 (Bi-directional) 
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intel Ae 
Maagte: "5. r 

mel "ty 

8257 Mia Pec _ & 

PROGRAMMABLE DMA CONTROLLER "100, Som, 


= Four Channel DMA Controller = Auto Load Mode 
= Priority DMA Request Logic a Single TTL Clock 
@ Channel Inhibit Logic m@ Single +5V Supply 
= Terminal Count and Modulo 128 ™ Expandable 
Outputs = 40 Pin Dual-In-Line Package 


The 8257 is a four-channel Direct Memory Access (DMA) controller. It is specifically designed to simplify the transfer of 
data at high speeds for the Intel Microcomputer Systems. Its primary function is to generate, upon a peripheral request, a 
sequential memory address which will allow the peripheral to read or write data directly to or from memory. Acquisition of 
the system bus is accomplished via the 8080's HOLD function. The 8257 has priority logic that resolves the peripherals 
requests and issues acomposite HOLD request to the 8080. It maintains the DMA cycle count for each channel and outputs 
a control signal to notify the peripheral that the programmed number of DMA cycles is complete. Other output control 
signals simplify sectored data transfers and expansion to other 8257 devices for systems that require more than four 
channels of DMA controlled transfer. The 8257 represents a significant savings in component count for DMA-based 8080 
systems and greatly simplifies the transfer of data at high speed between peripherals and memories. 


PIN CONFIGURATION BLOCK DIAGRAM 


DRQ O 


DACK 0 


1 
2 
3 
4 
5 
6 
7 
8 
9 


+— DRQ 1 


DACK 1 


DRQ 2 


DACK 2 


<«——- DRA 3 


PIN NAMES 


AEN - | ADDRESS ENABLE 
ADSTB ADDRESS STROBE 
TC TERMINAL COUNT _ 

MARK | MODULO 128 MARK 
~DRQ3-DRQg | DMA REQUEST 


CONTROL 
LOGIC 
AND 
MODE 
SET 
REG. 


DATA BUS 
ADDRESS BUS 
1/0 READ 

1/O WRITE 
MEMORY READ 


IW 

MEMORY WRITE Stee _ INPUT MEM O 
CLOCK INPUT DACK3-DACKo DMA ACKNOWLEDGE Rs 
al eal CHIP SELECT INTERNAL 
READY an ee ud a 

OLD REQUEST Mec SOLS MARK 
HOL et 

(TO 8080A) GND. GROUND _ 
HOLD ACKNOWLEDGE 

(FROM 8080A) 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 


Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output: 


(DRQ 0 - DRQ 3) 


DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtainaDMA 
cycle. If not in the rotating priority mode then DRQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 


(DACK 0 - DACK 3) 


DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. 


2. Data Bus Buffer 


This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the 8080 system data bus: 


(Do-D7) 


Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the 8080 CPU, 
eight-bits of data for a DMA address register, a terminal 
count register or the Mode Set register are received on the 
data bus. When the 8080 CPU reads a DMA address 
register, a terminal count register or the Status register, 
the data is sent to the 8080 over the data bus. During DMA 
cycles (when the 8257 is the bus master), the 8257 will 
output the most significant eight-bits of the memory 
address (from one of the DMA address registers) to the 
8212 latch via the data bus. These address bits will be 
transferred at the beginning of the DMA cycle; the bus will 
then be released to handle the memory data transfer 
during the balance of the DMA cycle. 


TYPE OF DMA OPERATION 


Verify DMA Cycle 
Write DMA Cycle 
Read DMA Cycle 
(Illegal) 


“a == © © 


8257 BLOCK DIAGRAM 
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8257 BASIC FUNCTIONAL DESCRIPTION 


General 


The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 |/O port device, provides a complete four-channel 
DMA controller for use in 8080 microcomputer systems. 
After being initialized by the 8080 program, the 8257 can 
transfer a block of data, containing up to 16,384 bytes, 
between memory and a peripheral device directly, without 
further intervention required of the CPU. Upon receiving a 
DMA transfer request from an enabled peripheral, the 
8257: 


e Acquires control of the system bus. 


e Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 


e Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A7, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 places 
these address bits on lines As-Ajs5, and 


¢ Generates the appropriate memory and I/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 


The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., asector of dataona 
floppy disk) in a single “burst”. When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 


The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral’s DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMAread cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 


Block Diagram Description 
1. DMA Channels 


The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N= the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel: 


8257 BLOCK DIAGRAM 


10-197 


8257 


3. Read/Write Logic 


When the 8080 CPU is programming or reading one of the 
8257's registers (i.e., when the 8257 is a “slave” device on 
the 8080 system bus), the Read/Write Logic accepts the 
I/O Read (I/OR) or I/O Write (I/OW) signal from the 8228 
System Controller chip (if Chip Select, CS is true), 
decodes the least significant four address bits, (Ao-A3), 
and either writes the contents of the data bus into the 
addressed register (if |1/OW is true) or places the contents 
of the addressed register onto the data bus (if |/OR is true). 


During DMA cycles (i.e., when the 8257 is the bus 
“master’), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 


Note that during DMA transfers Non-DMA I/O devices 
should be de-selected (disabled) using “AEN” signal to 
inhibit 1/O device decoding of the memory address as an 
erroneous device address. 


(1/OR) 


1/O Read: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or terminal count register to be read. In 
the “master” mode, I/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 


(1/OW) 


1/O Write: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the “master” mode, |/OWisa 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 


(CLK) 


Clock Input: Generally from an Intel® 8224 Clock 
Generator device. (¢2 TTL) 


(RESET) 


Reset: An asynchronous input (generally from an 8224 
device) which clears all registers and control lines. 


(Ao-A3) 


Address Lines: These least significant four address lines 
are bi-directional. In the “slave” mode they are inputs 
which select one of the registers to be read or 
programmed. In the “master” mode, they are outputs 
which constitute the least significant four bits of the 16-bit 
memory address generated by the 8257. 


(CS) 

Chip Select: An active-low input which enables the I/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the “slave” mode. In the “master” mode, 


CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 


8257 BLOCK DIAGRAM 
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4. Control Logic 


This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 


(A.4-A7) 


Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. 


(READY) 


Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait states 
if the selected memory requires longer cycles. 


(HRQ) 


Hold Request: This output requests control of the system 
bus. In systems with only one 8257, HRQ will normally be 
applied to the HOLD input on the 8080 CPU. 


(HLDA) 


Hold Acknowledge: This input from the 8080 indicates 
that the 8257 has acquired control of the system bus. 


(MEMR) 


Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 


(MEMW) 


Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 


(ADSTB) 


Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 


(AEN) 


Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus by use of 
the Bus Enable input on the Intel® 8228 System Controller 
chip. It may also be used to disable (float) the System 
Address Bus by use of an enable on the Address Bus 
drivers in systems to inhibit non-DMA devices from 
responding during DMA cycles. It may be further used to 
isolate the 8257 data bus from the System Data Bus to 
facilitate the transfer of the 8 most significant DMA address 
bits over the 8257 data I/O pins without subjecting the 
System Data Bus to any timing constraints for the transfer. 
When the 8257 is used in an I/O device structure (as opposed 
to memory mapped), this AEN output should be used to 
disable the selection of an |/O device when the DMA address 
is on the address bus. The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 


(TC) 


Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TCis 
activated when the 14-bit value in the selected channel’s 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1), where n =the desired number 
of the DMA cycles. 


(MARK) 


Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 


8257 BLOCK DIAGRAM 
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5. Mode Set Register 


When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 


Enables DMA Channel 0 
Enables DMA Channel 1 
Enables DMA Channel! 2 
Enables DMA Channel 3 


Enables AUTOLOAD 
Enables TC STOP 
Enables EXTENDED WRITE 
Enables ROTATING PRIORITY 


The Mode Set register is normally programmed by the 
8080 CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 


The various options which can be enabled by bits in the 
Mode Set register are explained below: 


Rotating Priority Bit 4 


In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 


If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel 0 has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 


Priority ——»> 
Assignments 


Highest 


Lowest CH-0 |CH-1/CH-2 |CH-3 


Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. All DMA 
operations began with Channel 0 initially assigned to the 
highest priority for the first DMA cycle. 


Extended Write Bit 5 


If the EXTENDED WRITE bit is set, the duration of both the 
MEMW and I/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within 8080 
microcomputer systems proceed asynchronously to allow 
use of various types of memory and 1|/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a “not ready” 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading edge of the I/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the |/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 


TC Stop Bit 6 


If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 


Auto Load Bit 7 


The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
“update” cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 


Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the 8080 to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 


6. Status Register 


The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 


TC STATUS FOR CHANNEL O 
TC STATUS FOR CHANNEL 1 
TC STATUS FOR CHANNEL 2 
TC STATUS FOR CHANNEL 3 


UPDATE FLAG 


The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the 8080 from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 


FOR BLOCK 1 Or BLOCK 2 


PARAMETERS r p> |PARAMETERS |. 
| 


1/0 WRITE 


DRQ 2 PLU] 


= DATA BLOCK 1 _ | 


Tc 


UPDATE FLAG 


PARAMETERS 
FOR BLOCK 3 


t- — _ 


| 


~~ DATA BLOCK 2 -——— 


| 


| DATA BLOCK 3 -> 


AUTOLOAD TIMING 
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8257 DETAILED OPERATIONAL SUMMARY 
Programming and Reading the 8257 Registers 


There are four pairs of “channel registers’: each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two “general registers’: one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the 8080 executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally {/OR or I/OW while the 8080 places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-Ais5 (depending on the 
systems memory, !/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An 1/O 
Write input (or Memory Write in memory mapped 1|/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an |/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
“channel register” (A3 = 0) or the Mode Set (program 
only)/Status (read only) register (A3=1) is to be accessed. 


The least significant three address bits, Ao-Ao2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, Ao-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ao = 1), while bits A; and A2 specify one of the 


CONTROL INPUT 


Program Half of a 
Channel Register 


Read Half of a 
Channel Register 


Program Mode Set 
Register 


Read Status Register 


four channels. Because the “channel registers” are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
“channel registers” all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always being accessed first. Do not allow CS to 
clock while either I/OR or |/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 


8257 REGISTER SELECTION 


| ADDRESS INPUTS | INPUTS 


™ ooGMeoooo0000 : 


REGISTER 


CH-0 DMA Address 


CH-0 Terminal Count 


CH-1 DMA Address 


CH-1 Terminal Count 


CH-2 DMA Address 


CH-2 Terminal Count 


CH-3 DMA Address 


CH-3 Terminal Count 


(ee eee eee ae ee ee See Oe Sn lo lo om eo = ee 


MODE SET (Program only) 
STATUS (Read only) 


—~ =~ OO 00 08O 08 oO oOo o8eoO 8 Oo 8 & 
(<> 


°o 


*BI-DIRECTIONAL DATA BUS 


Same as Channel 0 


Same as Channel 0 


Same as Channel 0 


AL | TCS} EW RP | EN3 | EN2/|EN1 | ENO 
UP | TC3 | TC2 | TC1 | TCO 


oO oO =42 00 44 00224 002+ 4 00 
o Oo 2a Oo 48 Oo #8 Oo #20 #§ OF +20 #3090 +86 


*Ao-Ais: DMA Starting Address, Co-C13: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TCSTOP,EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK,UP: UPDATE 


FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS. 
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DMA Operation 


Internal 8257 operations may proceed through seven 
different states. The duration of a state is defined by the 
clock input. When the 8257 is not executing a DMA cycle, 
itis in the idle state, S;. ADMA cycle begins when one or 
more DMA Request (DRQn) lines become active. The 
8257 then enters state So, sends a Hold Request (HRQ) to 
the 8080 and waits for as many So states as are necessary 
for the 8080 to return a Hold Acknowledge (HLDA). For 
each So state, the DMA Request lines are again sampled 
and DMA priority is resolved (according to the fixed or 
rotating priority scheme). When HLDA is received, the 
DMA Acknowledge (DACKn) line for the highest priority 
requesting channel is activated, thus selecting that 
channel and its peripheral for the DMA cycle. The 8257 
then proceeds to state S;. Note that the DMA Request 
(DRQn) input should remain high until either DACKn is 
received for a single DMA cycle service, or until both the 
DACKn and TC outputs are received when transferring an 
entire data block in a “burst” mode. If the 8257 should lose 
control of the system bus (i.e., if HLDA goes false), the 
DMA Acknowledge will be removed after the current DMA 
cycle is completed and no more DMA cycles will occur 
until the 8257 again acquires control of the system bus. 


Each DMA cycle will consist of at least four internal 
states: S), So, S3,and S,. If the access time for the memory 
or I/O devices involved is not fast enough to return the 
required READY response and complete a byte transfer 
within the specified amount of time, one or more wait 
states (SW) are inserted between states S3 and S,. Recall 
that in certain cases the Extended Write option can 
eliminate the need for a wait state. Note that a READY 
response is not required during DMA verify cycles. 
Specified minimum/maximum values for READY setup 
time (trs), write data setup time (tpw), read data access 
time (tgp) and HLDA setup time (tas) are listed under A.C. 
CHARACTERISTICS and are illustrated in the accom- 
panying timing diagrams. 

During DMA write cycles, the |/O Read (1/OR) output is 
generated at the beginning of state S2 and the Memory 
Write (MEMW) output is generated at the beginning of $3. 
During DMA read cycles, the Memory Read (MEMR) 
output is generated at the beginning of state S2 and the I/O 
Write (I/OW) output goes true at the beginning of of state 
S3. Recall that no read or write control signals are 
generated during DMA verify cycles. Extended WR for 
MEM and 1/O will be generated in So. 


READY e VERIFY 


READY + VERIFY 


READY 


HROQ @HLDA 


1. HRQ is set if ORQn is active. 
2. HRQ is reset if DRQz is not active. 


HRO +HLDA 


DMA OPERATION STATE DIAGRAM 


10-203 


8257 


Memory Mapped !/O Configurations 
The 8257 can be connected to the system bus as amemory 


device instead of as an I/O device for memory mapped |/O 70 RD 
configurations by connecting the system memory control TOWR 
lines to the 8257’s I/O control lines and the system I/O SEN ED 
control lines to the 8257’s memory control lines. sar wa 


This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257’s registers. Note that with this 
connection, the programming of the Read (bit 15) and SYSTEM INTERFACE FOR MEMORY MAPPED 1|/O 
Write (bit 14) bits in the terminal count register will have a 

different meaning: 


DMA Verify Cycle 
DMA Read Cycle 
DMA Write Cycle 
legal 


TC REGISTER FOR MEMORY MAPPED I/O ONLY 


a a — i) 


System Interface 


The system interface is similar to the other peripherals of 
the MCS-80 but an additional 8212 is necessary to control 
the entire address bus. A special control signal BUSEN is 
connected directly to the 8228 so that the data bus and 
control bus will be released at the proper time. 


ADDRESS BUS (16) 


re Ri 


CONTROL BUS 


% 
E cl ee a e bid oo et ai 
(os) 
Oo 
(os) 
(oy DATA BUS (8) 
READY 
HLDA P2(TTL) 
() C) C) C) C) 
cs Ag A3 Ay A, ADSTB AEN D,-Dy 7/8) MEM HOLD HLDA » CLK READY RESET 
w oR R WwW 


8257 


DACK DRQ DACK DRQ DACK ORQ DACK DRQ 


MARK TC 3 3 2 2 1 1 0 0 


DMA CHANNEL REQUESTS AND ACKNOWLEDGES 
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DETAILED SYSTEM INTERFACE SCHEMATIC 


o2(TTL) 


DISABLE 1/O 
ADDRESS BUS 


CHIP SELECT 


READY 


> 


os ss i 
b AlN] Ola) fo |e 
=e, 
im 
oO 
> 
a te 
ma 


GND 


ADDRESS 
BUS 


Aas 


CONTROL 
BUS 


DRQO 
DACK 0 


DRQ 1 
DACK 1 


DRQ 2 
DACK 2 


DRQ 3 
DACK 3 


Tc 
MARK 
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SYSTEM APPLICATION EXAMPLES 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 
DRQO | _ DISK 1 


DACK 0 SYSTEM 


DRO 1 
DACK 1 Pea a 


DRQ 2 
DRO 3 #7 


RAM 
MEMORY 


DACK 3 


DMA CONTROLLER 


FLOPPY DISK CONTROLLER (4 DRIVES) 


ADDRESS BUS 


CONTROL BUS 


0 ee 


DATA BUS 
AND ae ioe RAM 
8212 MEMORY 
MODEM 
TELEPHONE 
LINES 


HIGH-SPEED COMMUNICATION CONTROLLER 
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Notice Thi i 
ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature .............. —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground............ —0.5V to+7V rating conditions for extended periods may affect device 
Power Dissipation. .........0... 2.000020 ae 1 Watt reliability. 


D.C. CHARACTERISTICS 
Ta =0°C to 70°C, Voc = +5V + 5%, GND = OV 


SYMBOL PARAMETER 
VIL Input Low Voltage 


Vin Input High Voltage 
VOL Output Low Voltage 


VoH Output High Voltage 


UNIT | TEST CONDITIONS 


Vect.5 Volts 
Volts lot = 1.6 mA 


Volts lon=-150uA for AB, 
DB and AEN 
lon =-80yA for others 


VHH HRO Output High Voltage 


Volts lon = -80uUA 


We Input Leakage aoe Vin = Vec 
lOFL Output Leakage During Float p10 fA Vout [1 


Note 1: Voc > Vout > GND +.45V. 


CAPACITANCE 
Ta = 25°C; Veg = GND = OV 


PARAMETER pm, | tye. | Max. 
Input Capacitance an Ree ee 
 coonenedia a! 


|/O Capacitance 


SYMBOL 


UNIT | TEST CONDITIONS 


a 


Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE "aie gy 


Ta = 0°C to 70°C, Vec = 5.0V +5%; GND = OV (Note 1). ei ‘y 
8080 BUS PARAMETERS: ee Mp 
READ CYCLE “a pion 
syMBoL | —S PARAMETER =——s—<Csté‘—~dLSCiéMIN. | =X. | UNIT | TEST CONDITIONS "om, 
TRDF DB-Float Delay from Rdt ns CL = 100pF 
WRITE CYCLE: 
syMBOL | == —s PARAMETER) =——ss—i—ésdSsCMIN.s« | MAX. TEST CONDITIONS 
Tew CS Setup to WrJ 300 Pf ons | 
OTHER TIMING: 
SYMBOL | == —s PARAMETER) =—_—<si(s—sés|sSs MIN. | MAX. TEST CONDITIONS 
Tasto ee ee 
| SomtRintine 
| Sai Fartine 
Rew wo rratowR Sd 


Trsts Rese to First IOWR tcy 


Note 1: All timing measurements are made at the following reference voltages unless specified otherwise: Input ‘1’ at 2.0V, ’‘0” at 0.8V 


Output “1” at 2.0V, ‘’0’ at 0.8V 
8257 PERIPHERAL MODE TIMING DIAGRAM 
WRITE TIMING: READ TIMING: 


——— Tow <=Ty Cc 


CHIP SELECT 


1/0 WR 


RESET TIMING: 


A.C. CHARACTERISTICS: DMA (MASTER) MODE 1 =0°Cto 70°C, Vec = +5V +5%, GND = OV 


SYMBOL PARAMETER MIN, MAX. | UNIT | NOTES 
Tey Cycle Time (Period) 0.330 Us 
Te Clock Active (High) | 150 | 8Tey | ons 


Tas DROQt Setup to 6 1(SI,S4) 120 
ToH DRQJ Hold from HLDAT 


Toa HROt or JDelay from 61 (SI,S4) ns 1 
(measured at 2.0V) 
Tpa1 HROt or {Delay from 6 t(SI,S4) 250 3 


(measured at 3.3V) 
Tus HLDAT or JSetup to 61(SI,S4) 
TAEL AENT Delay from 64(S1) 
TAET AEN Delay from 6 t(S!) 
TAEA Adr (AB) (Active) Delay from AENT(S1) 
TEAAB Adr(AB) (Active) Delay from @ ft (S1) 
TAFAB Adr (AB) (Float) Delay from 61 (SI) 
TASM Adr(AB)(Stable) Delay from 4 t(S1) 
TAH Adr (AB) (Stable) Hold from 67 (S1) 
TAHR Adr(AB)(Valid) Hold from Rdt(S1,S1) 
TaHw Adr (AB) (Valid) Hold from Wrt (S1,SI) 300 
TFADB Adr(DB)(Active) Delay from 61(S1) 


10 


o>) 
-) 
77 


300 
20 


=) 
n 


i) 
© 


- 
n” 


NO 
o1 
oO 


150 
250 


n n 
~ | Bl BLM) MLSE BR] MT _ ND! DOI NIHR] A] 


~ 


Tasm-50 


S 


a) 
77) 


300 


=) 
n 


NQ 
io) 


(Float) (S2) 


aa 

TAFDB Adr(DB) (Float) Delay from 6 t(S2) ns 
Tee Adr(DB) Setup to AdrStb4(S1-S2) ee oe ae 
Tee Adr (DB) (Valid) Hold from AdrStb4(S2) b0 | 
Tste AdrStbt Delay from @7(S1) ae eS ns 
Ta AdrStb{ Delay from 64 (S2) Ff 140] ns 1 
oe AdrStb Width (S1-S2) | Toy-100 | sf 4 
Tasc RdJ or Wr(Ext)) Delay from AdrStb (S2) | wo |: ns 4 
Tpsc RdJ or Wr(Ext)J Delay from Adr(DB) Cf ns 4 
Tak DACKt or {Delay from 64(S2,S1) and —— 250 ns 1,5 

TC/Markt Delay from 6 t(S3) and 

TC/MarkJ Delay from @t (S4) 

Wr Delay from @1t(S3) 

Wrt Delay from @t(S4) 


Notes: 1. Load=1TTL. 2. Load=1TTL+50pF. 3. Load=1TTL+ (Ry = 3.3K), Voy =3.3V. 4. Tracking Specification. 
5. ATak <50ns. 6. ATpc, <50ns. 7. AF pcT < 50 ns. 
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DMA MODE WAVEFORMS 
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-CONTROL OVERRIDE SEQUENCE 


NOT READY SEQUENCE ——_—_______> 


| $2 | $3 | S4 | SY | Si | so $1 | $2 | $3 | SW | SW | S4 | Sl SI | Sl 
PASE eye a a yt 
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a gn 
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(LOWER ADR) 
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MEM WR/1t/O WR 


READY 


& 
S 
> 
GS 
= 


TC/MARK 


8 ® 
Now, Re 
I Nn “ata Ny, 
| thin ys 
0! “In 


8259 
PROGRAMMABLE INTERRUPT CONTROLLER 


@ Eight Level Priority Controller @ Individual Request Mask Capability 

m Expandable to 64 Levels @ Single +5V Supply (No Clocks) 

@ Programmable Interrupt Modes @ 28 Pin Dual-In-Line Package 
(Algorithms) = Fully Compatible with Intel CPUs 


The 8259 handles up to eight vectored priority interrupts for microprocessors. It is cascadable for up to 64 vectored priority 
interrupts, without additional circuitry. It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires a 
single +5V supply. Circuitry is static, requiring no clock input. 


The 8259 is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


PIN CONFIGURATION BLOCK DIAGRAM 


INTA INT 


CONTROL LOGIC 
BUFFER 


PIN NAMES 


DATA BUS (BI-DIRECTIONAL) 


READ INPUT 
WRITE INPUT 
COMMAND SELECT ADDRESS 


CHIP SELECT 
CAS1-CASO CASCADE LINES 
SP SLAVE PROGRAM INPUT 
INT INTERRUPT OUTPUT 


INTA INTERRUPT ACKNOWLEDGE INPUT 
(RO-IR7 INTERRUPT REQUEST INPUTS 


ee INTERRUPT MASK REG 
CASCADE (IMR) 
BUFFER/ 


COMPARATOR 


an BUS 
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INTERRUPTS IN MICROCOMPUTER 
SYSTEMS 


Microcomputer system design requires that |/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient method so that 
large amounts of the total system tasks can be assumed by 
the microcomputer with little or no effect on throughput. 


The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect “ask” each one if it 
needs servicing. It is easy to see that a large portion of the 
main program Is looping through this continuence polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices. 


A more desireable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it is told todo 
so by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Once this servicing 
is complete however the processor would resume exactly 
where it left off. 


This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests is 
of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced and issues an Interrupt to 
the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred to 
as a “service routine”. The PIC, after issuing an Interrupt 
to the CPU, must somehow input information into the CPU 
that can “point” the Program Counter to the service 
routine associated with the requesting device. The PIC 
does this by providing the CPU with a 3-byte CALL 
instruction. 


8259 


POLLED METHOD 


INTERRUPT METHOD 
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8259 BASIC FUNCTIONAL DESCRIPTION 


General 


The 8259 is a device specifically designed for use in real 
time, interrupt driven, microcomputer systems. It man- 
ages eight levels or requests and has built-in features for 
expandability to other 8259s (up to 64 levels). It is 
programmed by the system’s software as an 1/O 
peripheral. A selection of priority algorithms is available to 
the programmer so that the manner in which the requests 
are processed by the 8259 can be configured to match his 
system requirements. The priority assignments and 
algorithms can be changed or reconfigured dynamically 
at any time during the main program. This means that the 
complete interrupt structure can be defined as required, 
based on the total system environment. 


Interrupt Request Register (IRR) and In-Service 
Register (ISR) 


The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 
and the In-Service Register (ISR). The IRR is used to store 
all the interrupt levels which are requesting service; and 
the ISR is used to store all the interrupt levels which are 
being serviced. 


The IRR bit is set and INT line is raised high whenever 
there is a positive going edge at the IR input. However, the 
IR input must be held high until the 1st INTA pulse has 
arrived. More than one bit of the IRR can be set at once as 
long as they are not masked. The IRR is reset by the INTA 
sequence. 


The ISR bit is set by the INTA pulse (at the same time the 
selected IRR bit is reset). This bit remains set during the 
subroutine until an EOI (End of Interrupt) command is 
received by the 8259. 


The return from the subroutine to the main program may 
look like this: 


DI 

OUT OCW2 (Send EO! command) 
POP PSW 

El 

RET 


Priority Resolver 


This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into 
the corresponding bit of the ISR during INTA pulse. 


INT (Interrupt) 


This output goes directly to the 8080 INT input. The VOH 
level on this line is designed to be fully compatible with the 
8080 input level. 


INTA (Interrupt Acknowledge) 


This input generally comes from the 8228 of the CPU 
group. The 8228 will produce 3 distinct INTA pulses. The 3 
INTA pulses will cause the 8259 to release a 3-byte CALL 
instruction onto the Data Bus. 


Interrupt Mask Register (IMR) 


The IMR stores the bits of the interrupt lines to be masked. 
The IMR operates on both the IRR andthe ISR. Masking of 
a higher priority bit will not affect the interrupt request 
lines of lower priority. 


CONTROL LOGIC 


IN- INTERRUPT 


SERVICE PRIORITY REQUEST 
REG RESOLVER REG 
(ISR) (IRR) 


INTERRUPT MASK REG 
(IMR) 


8259 BLOCK DIAGRAM 


ADDRESS BUS (16) 


CONTROL BUS 


|__| |r fr 


DATA BUS (8) 


CASCADE 
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INTERRUPT 
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8259 INTERFACE TO 8080 STANDARD 
SYSTEM BUS 
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Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8259 to the 8080 system Data Bus. Control words and 
status information are transferred through the Data Bus 
Buffer. 


Read/Write Control Logic 


The function of this block is to accept OUTput commands 
from the 8080. It contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function block also allows the 
status of the 8259 to be transferred onto the 8080 Data 
Bus. 


CS (Chip Select) 


A “low” on this input enables the 8259. No reading or 
writing of the chip will occur unless the device is selected. 


WR (Write) 


A “low” on this input enables the 8080 CPU to write control 
words (ICWs and OCWs) to the 8259. 


RD (Read) 


A “low” on this input enables the 8259 to send the status of 
the Interrupt Request Register (IRR), In Service Register 
(ISR), the Interrupt Mask Register (IMR) or the BCD of the 
Interrupt level on to the Data Bus. 


AO 8259 BLOCK DIAGRAM 


This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers as well as reading the various status registers of 
the chip. This line can be tied directly to one of the 8080 
address lines. 


8259 BASIC OPERATION 


Ag Dag D3 RD WR CS INPUT OPERATION (READ) 
0 8) 1 0 IRR, ISR or Interrupting Level => DATA BUS (Note 1) 
1 0 1 0 IMR => DATA BUS 


OUTPUT OPERATION (WRITE) 


0 0 0 1 0 0 DATA BUS = OCW2 
0 0 1 1 0 0 DATA BUS > OCW3 i 
0 1 X 1 0 0 DATA BUS > ICW1 
1 X X 1 0 0 DATA BUS > OCW1, ICW2, ICW3 (Note 2) 
DISABLE FUNCTION 
X X X 1 1 0 DATA BUS > 3-STATE 
X X X X X 1 DATA BUS > 3-STATE 


Note 1: Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation. 
Note 2: On-chip sequencer logic queues these commands into proper sequence. 
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Be es a a et ES —eSS 


SP (Slave Program) 


More than one 8259 can be used in the system to expand 
the priority interrupt scheme up to 64 levels. In such case, 
one 8259 acts as the master, andthe others actas slaves. A 
“high” on the SP pin designates the 8259 as the master, a 
“low” designates it as a slave. 


The Cascade Buffer/Comparator 


This function block stores and compares the !Ds of all 
8259 used in the system. The associated three I/O pins 
(CASO-2) are outputs when the 8259 is used as a master 
(SP = 1), and are inputs when the 8259 is used as a slave 
(SP = 0). As a master, the 8259 sends the ID of the 
interrupting slave device onto the CASO0-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
addressed onto the Data Bus during next two consecutive 
INTA pulses. (See section “Cascading the 8259” .) 


8259 BLOCK DIAGRAM 


8259 DETAILED OPERATIONAL SUMMARY 


General 


The powerful features of the 8259 in the 8080 micro- 
computer system are its programmability and its utiliza- 
tion of the 8080 CALL instruction to jump into any address 
in the memory map. The normal sequence of events that 
the 8259 interacts with the CPU is as follows: 


1. One or more of the INTERRUPT REQUEST lines (IR7- 
0) are raised high signaling the 8259 that the peripheral 
equipment(s) are demanding service. 

2. The 8259 accepts these requests, resolves the 
priorities, and sends an INT to the 8080 CPU. 


3. The 8080 CPU acknowledges the INT and responds 
with an INTA pulse. 

4. Upon receiving the INTA from the CPU group (8228), 
the 8259 will release a CALL instruction code 
(11001101) onto the 8-bit Data Bus through its D7-0 
pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259 from the CPU group 
(8228). 

6. These two INTA pulses allow the 8259 to release its 
preprogrammed subroutine address onto the Data Bus. 
The lower 8-bit address is released at the first INTA 
pulse and the higher 8-bit address is released at the 
second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259. The In-Service Register (ISR) is not reset 
until the end of the subroutine when an EOI (End of 
interrupt) command is issued to the 8259. 


Programming The 8259 


The 8259 accepts two types of command words generated 
by the CPU: 
1. Initialization Command Words (ICWs): 
Before normal operation can begin, each 8259 in the 
system must be brought to a starting point — by a 
sequence of 2 or 3 bytes timed by WR pulses. This 
sequence is described in Figure 1. 
2. Operation Command Words (OCWs): 
These are the command words which command the 
8259 to operate in various interrupt modes. These 
modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 
The OCWs can be written into the 8259 at anytime 
during operation. 


Ag DB, Dg Ds OM Dg Dp OY BD 


YES 
NO 


READY TO ACCEPT REQUESTS 
IN THE FULLY NESTED MODE 


FIGURE 1. INITIALIZATION SEQUENCE 


10-216 


Initialization Command Words 1 and 2: (ICW1 and ICW2) 


Whenever a command is issued with AO = 0 and D4 = 1, this 
is interpreted as Initialization Command Word 1 (ICW1), 
and initiates the initialization sequence. During this 
sequence, the following occur automatically: 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) 
input must make a low to high transition to generate 
an interrupt. 

b. The interrupt Mask Register is cleared. 

c. IR 7 input is assigned priority 7. 

d. Special Mask Mode Flip-flop and status Read Flip- 
flop are reset. 


The 8 requesting devices have 8 addresses equally spaced 
in memory. The addresses can be programmed at 
intervals of 4 or 8 bytes; the 8 routines thus occupying a 
page of 32 or 64 bytes respectively in memory. 


The address format is: 
D, De Ds 
patatatatata| a] 


Ay 


DEFINED BY D, , OF ICW1 AUTOMATICALLY 


INSERTED BY 8259 


DEFINED BY ICW2 


INTERVAL = 4 


8259 


AO-4 are automatically inserted by the 8259, while A15-6 
are programmed by ICW1 and ICW2. When interval = 8, A5 
is fixed by the 8259. If interval = 4, A5 is programmed in 
ICW1. Thus, the interrupt service routines can be located 
anywhere in the memory space. The 8 byte interval will 
maintain compatibility with current 8080 RESTART 
instruction software, while the 4 byte interval is best for 
compact jump table. 


The address format inserted by the 8259 is described in 
Table 1. 


The bits F and S are defined by ICW1 as follows: 


F: Call address interval. F = 1, then interval=4; F=0, 
then interval = 8. 


S: Single. S=1 means that this is the only 8259 in the 
system. It avoids the necesity of programming !|CW3. 


INTERVAL = 8 


LOWER MEMORY ROUTINE ADDRESS 


D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DOI 


7 
6 
5 
4 
3 
2 
1 
0 


A7 A6 
A7 A6 
A7 A6 
A7 A6 
A7 A6 
A7 A6 
A7 A6 
A7 A6 


1 1 1 0 0 0 


TABLE 1. 
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Example of Interrupt Acknowledge Sequence 


Assume the 8259 is programmed with F = 1 (CALL address 
interval = 4), and IR5 is the interrupting level. The 3 byte 
sequence released by the 8259 timed by the INTA pulses is 
as follows: 


D7 D6 D5 D4 D3 D2 D1 DO 


Ist INTA 1 1 0 0 1 1 0 1 CALL 
CODE 


eee LOWER 
2nd INTA A7 A6 A5 1 0 1 0 0 ROUTINE 
ADDRESS 


HIGHER 
3rd INTA AI5 Al14 A113 AT2 A111 A110 AY A8 ROUTINE 
ADDRESS 


1CW1 


Ay 0, Dg Ds Dy, 03, Dg Dy BD 


8259 


Initialization Command Word 3 (ICW3) 


This will load the 8-bit slave register. The functions of this 
register are as follows: 


a. If the 8259 is the master, a “1” is set for each slave in 
the system. The master then will release byte 1 of the 
CALL sequence and will enable the corresponding 
slave to release bytes 2 and 3, through the cascade 
lines. 

b. If the 8259 is a slave, bits 2 - Oidentify the slave. The 
slave compares its CASO0-2 inputs (sent by the 
master) with these bits. If they are equal, bytes 2 and 
3 of the CALL sequence are released. 


If bit S is set in |CW1, there is no need to program ICWS. 


1 = SINGLE 
0 = NOT SINGLE 


CALL ADDRESS INTERVAL 
1= INTERVAL IS 4 
0 = INTERVAL IS 8 


A, OF LOWER 
ROUTINE ADDRESS 


UPPER ROUTINE 
ADDRESS 


1= IR INPUT HAS A SLAVE 
O= IR INPUT DOES NOT HAVE 
A SLAVE 


INITIALIZATION COMMAND WORD FORMAT 
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Operation Command Words (OCWs) 


After the Initialization Command Words (ICWs) are 
programmed into the 8259, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259 operation, a selection of algorithms can command 
the 8259 to operate in various modes through the 
Operation Command Words (OCWs). These various 
modes and their associated OCWs are described below. 


Interrupt Masks 


Each Interrupt Request input can be masked individually 
by the Interrupt Masked Register (IMR) programmed 
through OCW1. 


The IMR will operate on both the Interrupt Request 
Register and the In-Service Register. Note that if an 
interrupt is already acknowledged by the 8259 (an INTA 
pulse has occurred), then the Interrupting level, although 
masked, will inhibit the lower priorities. To enable these 
lower priority interrupts, one can do one of the two 
things: (1) Write an End of Interrupt (EOI) command 
(OCW2) to reset the ISR bit or (2) Set the special mask 
mode using OCW3 (as will be explained later in the special 
mask mode.) 


Fully Nested Mode 


The 8259 will operate in the fully nested mode after the 
execution of the initialization sequence without any OCW 
being written. In this mode, the interrupt requests are 
ordered in priorities from O through 7. When an interrupt is 
acknowledged, the highest priority request is determined 
and its address vector placed on the bus. In addition, a bit 
of the Interrupt service register (IS 7-0) is set. This bit 
remains set until the 8080 issues an End of Interrupt (EOI) 
command immediately before returning from the service 
routine. While the IS bit is set, all further interrupts of lower 
priority are inhibited, while higher levels will be able to 
generate an interrupt (which will only be acknowledged if 
the 8080 has enabled its own interrupt input through 
software). 


After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained in the rotating priority mode. 


Rotating Priority Modes 


The Rotating Priority Modes of the 8259 serves in 
application of interrupting devices of equal priority such 
as Communication channels. There are two variations of 
the rotating priority mode: the auto mode and the specific 
mode. 


1. Auto Mode — In this mode, a device after being 
serviced receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case, until 7 other devices are serviced at most once 
each. i.e., if the priority and “in service” status is: 
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BEFORE ROTATE _ 1S7 iS6 IS5 1S4 1S3 1S2 1Si ISO 


LOWEST PRIORITY HIGHEST PRIORITY 


7 5 3 2 1 
AFTER ROTATE 1S7 IS6 1S5 1S4 1S3 IS2 1S1 1SO 
0 1 


LOWEST PRIORITY HIGHEST PRIORITY 


In this example, the In-Service FF corresponding to 
line 4 (the highest priority FF set) was reset and line 4 
became the lowest priority, while all the other priorities 
rotated correspondingly. 


"IS" STATUS 


The Rotate command is issued in OCW2, where: R = 
1, EO! = 1, SEOI = 0. 

2. Specific Mode — The programmer can change 
priorities by programming the bottom priority, and by 
doing this, to fix the highest priority: ie., if IR5 is 
programmed as the bottom priority device, the IR6 will 
have the highest one. 


The Rotate command is issued in OCW2 where: R = 1, 
SEO! = 1.L2,L1, LO are the BCD priority level codes of 
the bottom priority device. 


Observe that this mode is independent of the End of 
Interrupt Command and priority changes can be 
executed during EO! command or independently from 
the EOI command. 


End of Interrupt (EOI) and Specific End of 
Interrupt (SEOI) 


An End of Interrupt command word must be issued to the 
8259 before returning from a service routine, to reset the 
appropriate IS bit. 


There are two forms of EOI command: Specific and non- 
Specific. When the 8259 is operated in modes which 
preserve the fully nested structure, it can determine which 
IS bit to reset on EOI. When anon-Specific EO! command 
is issued the 8259 will automatically reset the highest IS 
bit of those that are set, since in the nested mode, the 
highest IS level was necessarily the last level acknowl- 
edged and will necessarily be the next routine level 
returned from. 


However, when a mode is used which may disturb the fully 
nested structure, such as in the rotating priority case, the 
8259 may no longer be able to determine the last level 
acknowledged. In this case, aspecific EOI (SEO!) must be 
issued which includes the IS level to be reset as part of the 
command. The End of the Interrupt is issued whenever 
EOI = “1” in OC W2. For specific EOI, SEO! = “1”, and EO! = 
1.L2,L1, LO is then the BCD level to be reset. As explained 
in the Rotate Mode earlier, this can also be the bottom 
priority code. Note that although the Rotate command can 
be issued during an EO! = 1, itis not necessarily tied to it. 


S 
S 
a 
GS 
= 


8259 


Ocwl 


Ay D, De Ds % 0g Dz, DD, Dy 


INTERRUPT MASK 
1 = MASK SET 
0 = MASK RESET 


ocw2 


Ag 07 Dg Os OD, D3) Dy D, Do 
BCD LEVEL TO BE RESET 
OR PUT INTO LOWEST PRIORITY 


NON-SPECIFIC END OF INTERRUPT 

1 = RESET THE HIGHEST PRIORITY 
BIT OF ISR 

0= NO ACTION 


SPECIFIC END OF INTERRUPT 
1=L2, Ly, Lo BITS ARE USED 
0 = NO ACTION 


ROTATE PRIORITY 
1= ROTATE 
0 = NOT ROTATE 


ocw3 
Ag? 03... Dg f0p 9 Dp Dg. Dp. “Dp Dy 


READ IN-SERVICE REGISTER 


NO ACTION 


POLLING 


A HIGH ENABLES THE NEXT RD PULSE 
TO READ THE BCD CODE OF THE HIGH- 
EST LEVEL REQUESTING INTERRUPT. 


DON’T 
CARE 


IR REG 
ON NEXT 
RD PULSE 


RD PULSE 


SPECIAL MASK MODE 


OPERATION COMMAND WORD FORMAT 
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Special Mask Mode (SMM) D7 


D6 D5 D4 D3 D2 D1 DO 
This mode is useful when some bit(s) are set (masked) by Pr] -|-[-|[- |e fo |! 
the Interrupt Mask Register (IMR) through OCW1. If, for 


some reason, we are currently in a subroutine which is 
masked (this could happen when the subroutine 
intentionally masks itself off). It is still possible to enable 
the lower priority lines by setting the Special Mask mode. 
In this mode the lower priority lines are enabled until the 
SMM is reset. The higher priorities are not affected. This mode is useful if there is a routine command 


common to several levels — so that the INTA 
The special mask mode FF is set by OCW3 where ESMM = 


SMM = 4 d kK -ESSM = d SMM = sequence is not needed (and this saves ROM 
L sr Apeneireset WachenESoM bands ae space). Another application is to use the poll 


Polled Mode mode to expand the number of priority levels to 
more than 64. 


WO — 2: BCD code of the highest priority level 
requesting service. 
|: Equal to a “1” if there is an interrupt. 


In this mode, the 8080 disables its interrupt input. Service 
to devices is achieved by programmer initiative by a Poll 
command. 


The poll command is issued by setting P = “1” in OCW3 
during a WR pulse. 


The 8259 treats the next RD pulse as an interrupt 
acknowledge, sets the appropriate IS Flip-flop, ifthereisa 
request, and reads the priority level. 


The word enabled onto the data bus during RD is: 


SUMMARY OF OPERATION COMMAND WORD PROGRAMMING 


AQ D4 D3 


ocw!1 M7-MO IMR (Interrupt Mask Register). WR will load it while status can be 
read with RD. 


i: SEO! EOI 


No Action. 

Non-specific End of Interrupt. 

No Action. 

Specific End of Interrupt. L2, L1, LO is the BCD level to be reset. 

No Action. 

Rotate priority at EO!. (Auto Mode) 

Rotate priority, L2, L1, LO becomes bottom priority without 
Ending of Interrupt. 

Rotate priority at EOI (Specific Mode), L2, L1, LO becomes 
bottom priority, and its corresponding |S FF is reset. 


OCW3 


Special Mask not Affected. 


Reset Special Mask. 
Set Special Mask. 


No Action. 


Read IR Register Status. 
Read |S Register Status. 


Note: The 8080 INT input must be disabled during: 


1. Initialization sequence for all the 8259 in the system. 
2. Any control command execution. 


at tes oie ee es a ee eS 
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Reading 8259 Status 


The input status of several internal registers can be read 
to update the user information on the system. The 
following registers can be read by issuing a suitable OCW 
and reading with RD for the data bus lines: 


Interrupt Requests Register (IRR): 8-bit register which 
contains the priority levels requesting an interrupt to be 
acknowledged. The highest request level is reset from the 
IRR when an interrupt is acknowledged. 


In Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 


The IRR can be read when prior to the RD pulse, an WR 
pulse is issued with OCW3, and ERIS = 1, RIS = 0. 


The ISR can be read in a similar mode, when ERIS = 1,RIS 
a 


There is no need to write an OCW3 before every status 
read operation as long as the status read corresponds with 
the previous one, i.e. the 8259 “remembers” whether the 
IRR or ISR has been previously selected by the OCW3. On 
the other hand, for polling operation, an OCW3 must be 
written before every read. 


For reading the IMR, a WR pulse is not necessary to 
preceed the RD. The output data bus will contain the IMR 
whenever RD is active and AO = 1. 


The IMR can be loaded through the data bus when WR is 
active and AO = 1. , 


Polling overrides status read when P = 1, ERIS =11 in 
OCWS. 


Cascading 


The 8259 can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 


A typical system is shown in Figure 2. The master 
controls, through the 3 line cascade bus, which one of the 
slaves will release the corresponding address. 


As shown in Figure 2, the slaves interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will release the 8080 CALL code during 
byte 1 of INTA and will enable the corresponding slave to 
release the device routine address during bytes 2 and 3of 
INTA. 


The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. It is 
obvious that each 8259 in the system must follow a 
Separate initialization sequence and can be programmed 
to work in a different mode. An EOI command must be 
issued twice: once for the master and once for the 
corresponding slave. An address decoder is required to 
activate the Chip Select (CS) input of each 8259. The slave 
program pin (SP) must be at a “low” level for asiave (and 
then the cascade lines are inputs) and at a “high” level for 
a master (and then the cascade lines are outpus). 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


SLAVE 1 


TT 


21 20 19 18 17 16 15 14 


INTERRUPT REQUESTS 


FIGURE 2. CASCADING THE 8259 
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8259 INSTRUCTION SET 


INST. 
NO. MNEMONIC AO D7 D6 D5 D4 D3 D2 D1 DO OPERATION DESCRIPTION 


1 ICW1A 0 A7 A6 AS 1 0 1 1 0 Byte 1 initialization, format = 4, single. 
2 ICW1B 0 A7 A6 Ad 1 0 1 0 0 Byte 1 initialization, format = 4, not single. 
3 ICW1C 0 A7 A6 AS 1 0 0 1 0 Byte 1 initialization, format = 8, single. 
4 ICW1 D 0 A7 A6 A5 #1 0 0 0 0 Byte 1 initialization, format = 8, not single. 
5 ICw2 1 A15 A14 A13 A12 A111 A10 AQ A8_) Byte 2 initialization (Address No. 2) 
6 ICW3 M 1 S7 S6 S5 S4 $3 $2 St SO _ Byte 3 initialization — master. 
7 ICW3 S$ 1 0 0 0 0 0 S2 S1 SO Byte 3 initialization — slave. 
8 OcW1 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask reg, read mask reg. 
9 OCW2E 0 0 0 1 0 0 0 0 0 Non specific EOI. 
10 OCW2 SE 0 0 1 1 0 0 L2 L1 Lo Specific EOI. L2, L1, LO code of IS FF 
to be reset. 
11 OCW2 RE 0 1 0 14 0 0 0 O O _ Rotate at EOI (Auto Mode). 


Rotate at EOI (Specific Mode). L2, L1, LO, 


12 OCW2 RSE 0 1 1 1 0 0 L2 L1 LO code of line to be reset and selected as 
bottom priority. 

13 OCW2 RS 0 1 1 0 0 0 12 Li LO L2, L1, LO code of bottom priority line. 

14 OCW3P 0 — 0 0 0 1 1 0 0 Poll mode. 

15 OCW3 RIS 0 a 0 0 0 1 0 1 1 Read IS register. 

16 OCW3 RR 0 — 0 0 0 1 0 1 0 Read requests register. 

17 OCW3 SM 0 _ 1 1 0 1 0 0 0 Set special mask mode. 

18 OCW3 RSM 0 _ 1 0 0 1 0 0 0 Reset special mask mode. 

Notes: = = 

1. In the master mode SP pin = 1, in slave mode SP = 0. 

2. (—) = do not care. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature UnderBias ........ 0°C to 70°C *COMMENT: 
Storage Temperature .............. —65°C to +150°C Stresses above those listed under “Absolute Maximum Ratings” 
Voltage On Any Pin may cause permanent damage to the device. This is a stress rating 
; only and functional operation of the device at these or any other 
With RespecttoGround .............. 0.5 Vto+7V conditions above those indicated in the operational sections of this 
Power Dissipation ...................00..000. 1 Watt specification is not implied. 


D.C. CHARACTERISTICS (Ty = 0°C to 70°C; Voc = 5V +5%) 


SYMBOL PARAMETER own. | MAX. UNITS TEST CONDITIONS 


ViL Input Low Voltage 


Vin Input High Voltage 
VoL Output Low Voltage Pa | 
VoH Output High Voltage a a 

oH = ~400 vA 


2.4 
VOH-INT Interrupt Output High Voltage 
3.5 lon = -50 LA 
| Input Leakage Current -300 LA Vin = OV 
IL(IR¢- 
mney! for IRo.7 10 uA Vin = Vec 


lon = -400 pA 


V 


li Input Leakage Current aac Vicemeete OM 
for Other Inputs 


CAPACITANCE iT, = 25°C; Voc = GND = OV 


SYMBOL PARAMETER | min, | TYP. | MAX. | UNIT | TEST CONDITIONS 
Cio 1/O Capacitance || 20 |p Unmeasured pins returned to Vss 
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A.C. CHARACTERISTICS (Tg =0°C to 70°C; Vcc = +5V 5%, GND = OV) — 
BUS PARAMETERS 


READ 
tar CS/Ao Stable before RD or INTA ses 


a 
tra CS/Ao Stable after RD or INTA | so | [ons | 


tro - Data Valid from RD/INTA aaa 300 pons 
tpF Data Float after RD/INTA 200 he 
20 
WRITE 
taw Ag Stable before WR | 50 | [ons | 
twin Ao Stable after WR an eee ee 
tcew CS Stable before WR f. 360" Pa ise 4 
twe CS Stable after WR | 20 | | ns | 
Ting Osta vatsarerwe i eof 


OTHER TIMINGS 


SYMBOL PARAMETER 
tiw Width of Interrupt Request Pulse 


100 ns 
tint INT t after IR 7 250 


tic Cascade Line Stable after INTA fT 300 


5 
n 


n 
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TEST CONDITIONS 


CL = 100 pF 


CL = 100 pF 
CL = 20 pF 


TEST CONDITIONS 


TEST CONDITIONS 


WAVEFORMS 


READ TIMING “henge Sony 
. (s 


ADDRESS BUS 


DATA BUS 


WRITE TIMING 


ADDRESS BUS 


DATA BUS 


OTHER TIMING 


S 
Pp 
S 
& 


Note: Interrupt acknowledge INTA sequence must remain ‘‘HIGH” (at least) until leading edge of first INTA. 
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INITIALIZATION SEQUENCE 


Oy We We 0 Cn Do Ge ee oe, Gee 


STORE BYTE 2 


STORE BYTE 1 


STORE BYTE 3 


READ STATUS/POLL MODE 
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ton, 
in Rey 
tel : Meni &s 4, 


8271 
PROGRAMMABLE FLOPPY DISK CONTROLLER 


= IBM 3740 Soft Sectored Format = Internal CRC Generation and Checking 
Compatible = Programmable Step Rate, Settle-Time, 
= Programmable Record Lengths Head Load Time, Head Unload Index 
= Multi-Sector Capability Count 
# Maintain Dual Drives with Minimum Soft- = Fully Compatible with 8080 CPU 
ware Overhead Expandable to 4 Drives = Single +5Volit Supply 
= Automatic Read/Write Head Positioning = 40 Pin Package 


and Verification 


The 8271 Floppy Disk Controller (FDC) is asingle chip device designed to interface from one to four floppy disk drive to the 
8080 microcomputer system. Its powerful control functions minimize both hardware and software overhead normally 
associated with floppy disk interface. 


PIN CONFIGURATION BLOCK DIAGRAM 


FAULT RESET Vcc 
SELECT 0 LOW CURRENT REGISTERS 
4 MHz CLK LOAD HEAD STATUS REG. | COMMAND REG. 
RESET DIRECTION TAUELeRT > RESULT REG. | PARAMETER REG. 
READY 1 SEEK/STEP 
SELECT 1 WR ENBLE 
DACK INDEX 
DRQ WR PROTECT WR DATA 
RD READY 0 
gee 7) Eas SERIAL 
we as sia’ DRO INTERFACE 
NT/OP1 ote 
INT Cou f DACK CONTROLLER 
DBO WR DATA iy RD DATA 
DB1 FAULT DATA WINDOW 
DB2 UNSEP DATA wes 
ieee RD SS/PLO 
ps3 DATA WINDOW has 
=< R D READY 0 
DB4 
: Sorte e READY 1 
Des [J cs inpuT © TRACK 0 
DBE [| N.C. A, — Ca BUFFER i aE 
DB7 
U At Ao O WR PROTECT 
GND [7] Ay ' D FAULT 
RIVE 
RESET INTERFACE 
CONTROLLER 
SELECT 0 
cs SELECT 1 
WR ENABLE 
OUTPUT LOAD HEAD 
BUFFER SEEK/STEP 
DIRECTION 
INTERNAL LOW CURRENT 
DATA BUS FAULT RESET 
CPU INTERFACE DISK INTERFACE 
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General 


The 8271 Floppy Disk Controller (FDC) LSI component is 
designed to interface from one to four floppy disk drives to an 
eight bit microcomputer. 


The FDC supports a soft sectored format that is IBM 3740 
compatible. This component is a high level controller that 
relieves the CPU (and user) of many of the control tasks 
associated with implementing a floppy disk interface. The 
FDC supports a variety of high level instructions which allow 
the user to store and retrieve data on a floppy disk without 
dealing with the low level details of the disk operation. 


In addition to the standard read/write commands a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instruct the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk (such as point of sale 
price lookup, disk directory search, etc.) for information 
may use the scan command to reduce the CPU overhead. 
Once the scan operation is initiated, no CPU intervention 
is required. 


Hardware Description 


The 8271 is packaged in a 40 pin DIP. The following is a 
functional description of each pin. 


Pin Name /O Description 
Voc PWR +5V supply 
GND PWR Ground 

4MHz Clock | 
Reset | 


A 4MHz +1% square wave clock 


A high signal on the reset input will 
force the 8271 to an idle state. The 
8271 will remain idle until a com- 
mand is issued by the CPU. The 
drive interface output signals are 
forced low. 


The I/O Read and I/O Write inputs 
are enabled by the chip select signal. 


The Data Bus lines are bidirection- 
al three-state lines (8080 data bus 
compatible). 


The Write signal is used to signal 
the control logic that a transfer of 
data from the data bus to the 8271 
is required. 


The Read signal is used to signal 
the control logic that a transfer of 
data from the 8271 to the data bus 
is required. 


INT O The interrupt signal indicates that 


the 8271 requires service. 


Pin Name 
A,—Ao 


DRQ 


DACK 


Select 1- 
Select 0 


Fault Reset 
Write Enable 
Seek/Step 
Direction 


Load Head 


Low Current 


Ready 1, 
Ready 0 


Fault 


Count/OP1 


Write Protect 
TRKO 
index 


SS/PLO 


Write Data 


Unseparated 
Data 


Data Window 
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VO Description 


These two lines are used to select 
the destination of source of data to 
be accessed by the control logic. 


The DMA request signal is used to 
request a transfer of data between _ 
the 8271 and memory. 


The DMA ACK signal notifies the 
8271 that a DMA cycle has been 
granted. 


These lines are used to specify the 
selected drive. 


The fault reset line is used to reset 
an error condition which is latched 
by the drive. 


This signal enables the drive write 
logic. 


This multi-function line is used dur- 
ing drive seeks. 


The direction line specifies the seek 
direction. 


The load head line causes the drive 
to load the Read/Write head load 
pad against the diskette. 


This line notifies the drive that track 
43 or greater is selected. 


These two lines indicate that the 
specified drive is ready. 


This line is used by the drive to 
specify a file unsafe condition. 


If the seek / direction / count seek 
mode is selected, the count pin is 
pulsed for each track. Otherwise this 
pin is user specified optional input. 
This signal is used to specify if the 
drive/diskette may be written. 


This signal indicates when the R/W 
head is positioned over track zero. 


The index signal gives an indication 
of the relative position of the diskette. 


This pin is used to specify the type 
of data separator used. 
Composite write data. 


This input is the unseparated data 
and clocks. 


This is a data window established 
by the single-shot or phase-locked 
oscillator data separator. 
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Principles of Operation 


The 8271 is fully compatible with the 8080 system Bus. As an 
8080 peripheral device, it accepts commands from the CPU, 
executes these Commands and provides a Result back to 
the 8080 CPU at the end of execution. 


Communication with the CPU are through the activating of 
CS, RD, WR pins. The A,,A, select the appropriate registers 
on chip: 


CS RD CS WR 
Status Reg Command Reg 
Parameter Reg 


1 Result Reg 
The FDC chip operation is composed of the following gener- 
al sequence of events: 


The Command Phase 


During the Command Phase, the CPU issues a command 
byte to the 8271. The command byte provides a general 
description of the type of operation requested. Many 
operations require more detailed information about the 
comand. In such case, from zero to five parameters are 
written following the command byte to provide such 
information. The various commands that the 8271 can 
recognize are listed in the Software Operation Section. 


The Execution Phase 


Soon as the last parameter is written into the 8271, the FDC 
enters the Execution Phase. During this phase there is no 
need for CPU involvement. The FDC may optionally 
interface with the 8257 (DMA controller) for high speed data 
transfers (See System Diagram). 


The Result Phase 


During the Result Phase, the FDC chip notified the CPU of 
the outcome of the command execution. This phase may be 
initiated by: 

1. The successful completion of an operation. 

2. An error detected during an operation. 


3. An illegal command or parameter detected during the 
Command Phase. 


In the Result Phase, the CPU Reads the Status Register 
which provides the following information: 


D; Dg Dg Dy Dy Dy D, Dy 


NON-OMA MODE 
INTERRUPT REQ 
RESULT REG FULL 


COMMAND BUSY 
COMMAND REG FULL 
PARAMETER REG FULL 


After reading the Status Register, the CPU then Reads the 
Result Register for more information. 


8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 


COMMAND PHASE 
EXECUTION PHASE 


RESULT PHASE 


THE 8271 ISON ITS OWN TO CARRY OUT THE COMMANDS. 


THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU WILL PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS. 


8080 SYSTEM BUS 


OB, Ag: A; 
MEMR DBo.7 
IOW RD 
MEMW R 
IOR Hs 

cs 

HRQ INT 


HACK 
DATA DATA 
WINDOW SEPARATOR 
DRQ 
8257 UNSEPARATED DATA DRIVE 
DMA 8271 WR DATA INTERFACE 
CONTROLLER DACK FDC 


common 5 


8271 SYSTEM DIAGRAM 
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Software Operation 


The 8271 can accept many powerful commands from the 
CPU. The following is a list of Basic Commands (associated 
Parameters not shown). | 


SCAN DATA 

SCAN DATA AND DELETED DATA 
WRITE DATA 

WRITE DATA AND DELETED DATA 
READ DATA 

READ DATA AND DELETED DATA 
READ ID 

VERIFY DATA AND DELETED DATA 
FORMAT 

RECALIBRATE 

SEEK 

READ DRIVE STATUS 

LOAD BAD TRACKS 

SPECIFY 

RESET 


EXECUTION PHASE BASIC CHARACTERISTICS 


The following table summarizes the various commands 
with corresponding execution phase characteristics. 


1 2 3 
Deleted 
COMMANDS Data Head Ready 
SCAN DATA SKIP LOAD J 
SCAN DEL DATA XFER LOAD vs 
WRITE DATA X LOAD oe 
WRITE DEL DATA x LOAD J 
READ DATA SKIP LOAD J 
READ DEL DATA XFER LOAD af 
READ ID Xx LOAD A 
VERIFY DEL DATA XFER LOAD — ff 
FORMAT X LOAD i 
RECALIBRATE 4 = X 
SEEK X - X 
READ DRIVE STAT X = 4 
LOAD BAD TRACKS X 7 x 
SPECIFY X = X 
RESET X UNLOAD X 
Note: 1. “x” — DON’T CARE 
2. “/” — check 
3. “—” -» No change 


As an example, the SPECIFY command is associated with 3 


parameters: d 


Ai Ao D7 Dg Ds Dg D3 Da Dy Do 


COMMAN Osis) allot fat 
COMMAND 1 1 1 
raancreno [ols] [olelolofe]oy | | 


ica (ERD 
en: Ee 
4 5 6 7 
Write/ Seek 


Protect Seek Check Result 


X YES YES YES 
X YES YES YES 
J YES YES YES 
nA YES YES YES 
X YES YES YES 
X YES YES YES 
X YES NO YES 
X YES YES YES 
" YES NO YES 
X YES NO YES 
X YES NO YES 
x NO NO YES 
X NO NO YES 
X NO NO NO 
X NO NO NO 


DMA = 0, DMA = 1 
SINGLE/DOUBLE 
ACTUATOR 


STEP RATE, 0-30 ms, 
STEPS OF 2 ms 


INDEX COUNT BEFORE 
HEAD UNLOAD (0-15) 


HEAD LOAD, 0-60 ms, 
STEPS OF 4 ms 


SETTLE TIME, 0-30 ms, 
STEPS OF 2 ms 


8 


Completion 
Interrupt 


YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
NO 
NO 
NO 
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8273 
SDLC PROTOCOL CONTROLLER 


= IBM (SDLC) Compatible = Digital Phase Locked Loop—Clock 

= Full Duplex Operation—56K BAUD Recovery 

™ SDLC Loop Operation = Minimum CPU Overhead 

= User Programmable Modem Control # Fully Compatible With 8080 CPU 
Ports ™ Single +5Volt Supply 

= Programmable NRZI Encode/Decode = 40 Pin Package 


= N-Bit Reception Capability 


The 8273 SDLC (Synchronous Data Link Control) Protocol controller is asingle chip device designed to support the SDLC 
protocol within the 8080 microcomputer system environment. Its internal supervisory instruction set is oriented to frame 
level (SDLC) functions with a minimum of CPU overhead. 


PIN CONFIGURATION BLOCK DIAGRAM 


REGISTERS 


STATUS REG COMMAND REG 
RESULT REG PARAMETER REG 


DBy_, > BUS Tx REG 
BUFFER 


—_ 


TxD 

TxDRQ = Tx LOGIC bee 

TxDACK TxC 
RxDRQ 
RxDACK 


CONTROL 


LOGIC ae PBy_3 


O 
) 
cD 
A, PAg.2 
RESET DPLL 
= iy 
RxD 
<= Rx LOGIC 


oO ON DW MH AB W DH 


32X CLK 
RTS 


RxC 


INTERNAL DATA BUS 
FLAG DET 


CPU INTERFACE MODEM INTERFACE 
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General 


The IBM Synchronous Data Link Control (SDLC) communi- 
cation protocol is a bit oriented communication protocol vs 
the BI-SYNC protocol which is character or code oriented. 
The SDLC protocol greatly reduces the overall CPU software 
on one hand and increases the throughput on the other 
because of its ability to go full-duplexed mode. 


The 8273 SDLC chip is designed to handle the BM SDLC 
protocol with minimum CPU software. The 8273 handles the 
zero-insertion technique used in SDLC protocol, as well as 
performing NRZI encoding and decoding for the data. 
Modem handshake signals are provided so that the CPU 
intervention is minimized. The FCS (Frame check sequence) 
is also generated and checked by the SDLC chip as well as 
Flags (01111110) and Idle characters. 


One implementation of SDLC is the Loop-configuration 
typified by IBM 3650 Retail Store System which can also be 
handied by the 8273 by going into 1-bit delay mode. In such 
configuration a two wire pair can be effectively used for data 
transfer between controllers and loop stations. Digital phase 
Locked Loop pin-out can be used by the loop station without 
the presence of an accurate 1X clock. 


Hardware Description 


The 8273 is packaged in a 40 pin DIP. The following is a 
functional description of each pin. 


Pin Name //O Description 


GND PWR _ +5V supply 
CLK PWR Ground 


RESET | A high signal on this pin will force the 
8273 to an idle state. The 8273 will 
remain idle until a command is issued 
by the CPU. The modem interface 


output signals are forced high. 


The I/O Read and I/O Write inputs are 
enabled by the chip. 


The Data Bus lines are bidirectional 
three-state line which interface with the 
8080 system Data Bus. 


The Write signal is used to control the 
transfer of either a command or data 
from CPU to the 8273. 


The Read signal is used to control the 
transfer of either a data byte or a status 
word from the 8273 to the CPU. 


The Transmitter interrupt signal indi- 
cates that the transmitter logic requires 
service. 


TXINT O 


RxINT O The Receiver interrupt signal indicates 


that the Receiver logic requires service. 


Pin Name 
TxDRQ 


RxRDQ 
TxDACK 
RxDACK 
Ai-Ao 


TxD 
TxC 


RxD 


RxC 


32X CLK 


DPLL 


FLAG DET 


RTS 
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Description 


The Transmitter DMA Request signal 
indicates the transmitter Buffer is empty 
and is ready to transmit another data 
byte. 

The Receiver DMA Request signal in- 
dicates the Receiver Buffer is full. 


The Transmitter DMA acknowledge sig- 
nal notifies the 8273 that the TxDMA 
cycle has been granted. 


The Receiver DMA acknowledge signal 
notifies the 8273 that the RxDMA cycle 
has been granted. 


These two lines are used to select the 
destination or source of data to be 
accessed by the control logic. 


The NRZI encoded data are transmitted 
through the TxD line. 


The transmitter clock controls the TxD 
BAUD rate. 


The Receiver Data line receives the 
NRZI encoded data from the communi- 
cation data channel. 


The Receiver clock is the 1X BAUD 
rate that RxD is received. 


The 32X clock is used to provide clock 
recovery when Asynchronous modem 
is used. In loop configuration the loop 
station can run without an accurate 1X 
clock by using the 32X CLK. 


Digital Phase Locked Loop output can 
be tied to RxC and/or TxC when 1X 
clock is not available. DPLL is used 
with 32X CLK. 


Flag Detect signals that a flag (01111110) 
has been detected. 


Request to send signals the terminal is 
ready to transmit Data. 


Clear to send signals that the modem is 
ready to accept data for transmission. 


Carrier Detect signals that the line trans- 
mission has started and the 8273 may 
begin sample data on RxD line. 


General Purpose input Ports. The logic 
levels on these lines can be Read by the 
CPU through the Data Bus Buffer. 


General Purpose output Ports. The CPU 
can write these output lines through 
Data Bus Buffer. 


8273 


Principles of Operation 


The 8273 is fully compatible with the 8080 system Bus. As an 
8080 peripheral device, it accepts commands from the CPU, 
executes these Commands and provides a Result back to 
the 8080 CPU at the end of execution. Communication with 
CPU is through the activating of CS, RD, WR pins. The A,A, 
select the appropriate registers on chip: 


Command Reg 
Result Reg Parameter Reg 
TX Reg — 
RX Reg — 


Status Reg 


The SDLC chip operation is composed of the following 
general sequence of events: 


The Command Phase 


During the Command Phase, the CPU issues a command 
byte to the 8273. The command byte provides a general 
description of the type of operation requested. Many opera- 
tions require more detailed information about the command. 
In such case, from zero to four parameters are written 
following the command byte to provide such information. The 
various commands that the 8273 can recognize are listed in 
the Software Operation Section. 


The Execution Phase 


After the last parameter is written into the 8273, the SDLC 
chip enters the Execution Phase. During this phase there is 
no need for CPU involvement. The system might interface 
with the 8257 (DMA controller) if programmed to do so, for 
high speed data transfers (see System Diagram). On the 
other hand for low speed data rate communication TxINT 
and RxINT can be used. 


The Result Phase 


During the Result Phase, the SDLC chip notifies the CPU of 
the outcome of the command execution. This phase may be 
initiated by: 

1. The successful completion of an operation. 

2. An error detected during an operation. 


In the Result Phase, the CPU Reads the Status Register 
which provides the following information. 


D; Dg “D;. Dy, Dy Dy Dj Dy 


RX INTERRUPT RESULT AVAILABLE 
TX INTERRUPT RESULT AVAILABLE 
RX INTERRUPT 

TX INTERRUPT 

COMMAND RESULT BUFFER FULL 
COMMAND PARAMETER BUFFER FULL 
COMMAND BUFFER FULL 

COMMAND BUSY 


Based on the status of the Status Register, the CPU may 
Read the Tx Reg, Rx Reg, or Result Register, if more 
information is needed. 


Software Operation 


The 8273 can accept many powerful commands from the 
CPU. The following is a list of such commands (associated 
parameters not shown). 


General Receive 
Selective Receive 
Selective Loop Receive 
End of Polling Search 
Receive Disable 
Transmit Frame 

Loop Transmit 
Transparent Transmit 
Abort Tx Frame 

Abort Loop Tx 

Abort Transparent Tx 
Read Port A 

Read Port B 

Set/Reset 1 Bit Delay 
Set/Reset Serial |/O 
Set/Reset Operating Mode 
Set/Reset Port A/B Bit 


COMMAND PHASE 


EXECUTION PHASE 


8080 WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 


THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 


THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU WILL PERFORM A READ 
OPERATION OF ONE OR MORE OF THE REGISTERS. 


RESULT PHASE 
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1X LOOP 
OSCILLATOR 


LOOP 
CONTROLLER 
(8273) 


RXD RXC TXC TXD 


LOOP 
TERMINAL 
(8273) 


LOOP 
TERMINAL 
(8273) 


TXD RXD 


TXC RXC 


PLL PLL 


SDLC LOOP APPLICATION 


8273 


MEMORIES 


8080 SYSTEM BUS 


MODEM CONTROLS 


SYNCHRONOUS MODEM — DUPLEX OR HALF DUPLEX OPERATION 


8273 8273 


RXC 
RXD 
TXC 
TXD 


32X PLL 32X PLL 


GND N.C. N.C. 
ASYNCHRONOUS MODEMS — DUPLEX OPERATION 


TXC 
TXD 
RXC 
RXD 


32X PLL 


32X PLL 32X PLL 


ASYNCHRONOUS OPERATION — NO MODEMS — DUPLEX OR HALF DUPLEX 


RXC 
TXD 


TXC 
TXD 


32X PLL 32X PLL 


8273 MODEM OPERATION 
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8275 “nee icy 
PROGRAMMABLE CRT CONTROLLER 


= Programmable Screen and Character Light Pen Detection and Register 


| 
Formats = Dual Row Buffers 
m Six Independent Visual Field Attributes = Programmable DMA Burst Mode 
m Eleven Visual Character Attributes g 
(Graphic Capability) - 
= Cursor Control (4 Types) 


Single +5 Volt Supply 
40 Pin Package 


The 8275 Programmable CRT Controller is a single chip device designed to interface CRT Raster Scan Displays with the 
8080 Microcomputer System. Its primary function is to refresh the display by buffering the information from main memory 
and keeping track of the display position of the screen. The flexibility, designed into the 8275, will allow simple interface to 
almost any Raster Scan Display with a minimum of external hardware and software overhead. 


PIN CONFIGURATION BLOCK DIAGRAM 


a 


<+—— CHA.CLK 
CHAR 
COUNTER i= ora 


DBy-7 


mom On DO MO & W DN 


RASTER HRTC 
TIMING VRTC 
AND VIDEO HLGT 
CONTROL RVV 


LIGHT PEN 
’ seal REGISTERS — ere 
INTERNAL 


DATA BUS 
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General 


The CRT Controller (8275) is a single chip, programmable, 
NMOS-LSI device which is designed to provide an interface 
for microcomputers to a large class of ORT character 
displays. The chip provides the display row buffering, raster 
timing, cursor timing, light pen detection and visual attribute 
decoding. It is programmable to a large number of different 
display formats. The controller can be interfaced to standard 
character generator ROMs for dot matrix decoding. 


The controller can generate a screen format size of from 1 to 
80 characters per row, 1 to 64 rows per screen and from 1 to 
16 horizontal lines per character row. 

The device has 7 character code address bits allowing 6 or 7 
bit ASCII capability or can be used with other 7 bit codes to 
generate up to 128 characters. 


Hardware Description 


The 8275 is Packaged in a 40 pin DIP. The following is a 
functional description of each pin. 


Pin Name /O Description 

Voc — +5V power supply 

GND — Ground 

CCLK | | Character Clock (from dot/timing logic) 


Bi-directional three-state data bus lines. 
The outputs are enabled during a read 
of the C or P ports. 


Chip select. The read and write are 
enabled by CS. 


Read input. A control signal to read 
registers. 


Write input. A control signal to write 
commands into the control registers or 
write data into the row buffers during a 
DMA cycle. 


Command or data register select. A 
high input on C/P selects the “C” port 
or command registers and alow input 
selects the “P” port or parameter 
registers. 


INT O Interrupt request. Output signal to the 
8080 system indicating that a change 


of status has occurred. 


DMA request. Output signal to the 8257 
DMA controller requesting a DMA cycle. 


DMA acknowledge. Input signal from 
the 8257 DMA controller acknowledging 
that the requested DMA cycle has been 
granted. 


LPEN | Light pen. Input Signal from the CRT 
system signifying that a light pen signal 


has been detected. 


HRTC O- _Horizontal retrace. Output signal which 
is active during the programmed hori- 
zontal retrace interval. During this period 
the VSP output is high and the LTEN 


output is low. 


Pin Name /O 


VRTC O 


LCo-LC3 O 


CC0-CC6 O 


GPAO, O 
GPA1 

LAO, LA1 O 
HLGT O 
RVV O 
LTEN O 
VSP O 
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Description 


Vertical retrace. Output signal which is 
active during the programmed vertical 
retrace interval. During this period the 
VSP output is high and the LTEN output 
is low. 


Line count. Output from the line counter 
which is used to address the character 
generator for the line positions on the 
screen. 


Character codes. Output from the row 
buffers used for character selection in 
the character generator. 


General purpose attribute codes. Out- 
puts which are enabled by the general 
purpose field attribute codes. 


Line attribute codes. These attribute 
codes have to be decoded externally 
by the dot/timing logic to generate the 
horizontal and vertical line combina- 
tions for the graphic displays specified 
by the character attribute codes. 


Highlight. Output signal used to intensify 
the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 


Reverse video. Output signal used to 
indicate the CRT circuitry to reverse 
the video signal. This output is active at 
the cursor position if a reverse video 
block cursor is programmed or at the 
positions specified by the field attribute 
codes. 


Light enable. Output signal used to 
enable the video signal to the CRT. 
This output is active at the programmed 
underline cursor position, and at 
positions specified by the character 
attribute codes during generation of 
graphics display. 


Video suppression. Output signal used 
to blank the video signal to the CRT. 
This output is active: 

— during the horizontal and vertical 
retrace intervals. 

— atthe top and bottom lines of rows if 
the number of lines/row are greater 
than or equal to 9. 

— when an end of row or end of 
screen code is detected. 

—- when a DMA underrun occurs. 

— at regular intervals (1/16 frame 
frequency for cursor, 1/32 frame 
frequency for character and field 
attributes)—-to create blinking dis- 
plays as specified by cursor, char- 
acter attribute, or field attribute 
programming. 


8275 
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Principles of Operation 


The basic elements of the CRT controller are the two row 
buffers (80X8), cursor position, light pen position, and visual 
attribute decode and control logic. The CRT controller is 
used with the DMA chip (8257) to provide the high speed 
controlling function of a CRT. 


Two row buffers are utilized to provide display row refresh. 
Each buffer is alternately loaded from main memory and 
then used to provide characters to the external character 
generator and internal visual attribute decode logic during 
row display. Each buffer is loaded from main memory by 
DMA cycles which are requested by the CRT controller at 
programmable intervals. The controller can also be pro- 
grammed to request a single DMA at a time or bursts of 2, 4, 
or 8 bytes. 


Raster Control and Timing 


The raster logic provides the proper video scan timing for the 
CRT. The various parameters of the raster timing are 
programmable at controller reset. Raster timing is derived 
from the basic character interval clock which is provided to 
the controller from the external dot timing logic. The following 
count functions are performed by the raster logic: 


Character Count 
Horizontal Retrace Interval Count 
Line Count 
Row Count 
Vertical Retrace Interval Count 
Blink Timing 

Cursor 


The cursor location is determined by the cursor line and 
character position registers which are loaded by command to 
the controller. The cursor can be programmed to appear on 
the display as 1) a blinking underline, 2) a blinking reverse 
video block, 3) a non-blinking underline, or 4) a non-blinking 
reverse video block. 


Light Pen 


When the controller detects a light pen signal, the row and 
character position coordinates of the raster are stored in a 
pair of registers. On command to the controller, these 
registers can be read by the microprocessor. The registers 
are loaded on the 0-1 transition of the light pen input which is 
internally synchronized with the character clock. The hori- 
zontal address will be off three character positions (more if 
external delays are present) and has to be corrected in the 
software. In addition, the controller has a status flag to 
indicate that the light pen signal was detected. 


Visual Attributes 


Visual attributes are generated and timed by the CRT 
controller without the intervention of the external character 
generator. They are actuated and controlled by special code 
combinations. These attribute codes can affect the display 
for just the character position in which they appear (character 
type) or they may affect a field of characters (field type). 


Field Attributes 


The field attributes are control codes which will affect the 
visual characteristics for a field of characters starting at the 
character following the field attribute code up to the character 
which precedes the next field attribute code. A field attribute 
code does not have to occupy a display position. Any of the 
following field display can be independently selected for 
a field: 


Blink 

Highlight 
Reverse Video 
Underline 


Character Attributes 


A character attribute generates a graphics symbol in the 
character position without the use of an external character 
generator. A character attribute is generated through the 
Line Attribute outputs together with the Video Suppress and 
Light Enable outputs. The external logic then can generate 
the proper symbol. Character attributes can be programmed 
to blink or be highlighted. 


Software Operation 


The 8275 can accept commands from the CPU at any time to 
perform the CRT controlling functions. A command 
(C/P=1) from the CPU to the 8275 chip may be followed by 
up to 4 bytes of parameters (C/P=0). The list of commands 
and their associated parameters are summarized below: 


Cc/P DB 
1 RESET & STOP DISPLAY 
0 SCREEN COMPOSITION #1 
0 SCREEN COMPOSITION #2 
0 SCREEN COMPOSITION #3 
0 SCREEN COMPOSITION #4 
1 START DISPLAY 
1 STOP DISPLAY 
1 READ LIGHT PEN (*2 RD) 
1 LOAD CURSOR POSITION 
0 CURSOR X-POSITION 
) CURSOR Y-POSITION 
1 ENABLE INTERRUPT 
1 |110XXXXX | DISABLE INTERRUPT 
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE me 
= Simultaneous Keyboard Display = Dual 8 or 16 Numerical Display 

Operations = Single 16 Character Display 
w@ Scanned Keyboard Mode = Right or Left Entry 16 Byte 
™ Scanned Sensor Mode Display RAM 
= Strobed Input Entry Mode m™ Mode Programmable from CPU 
= 8 Character Keyboard FIFO m= Programmable Scan Timing 
m 2 Key or N Key Rollover with w Interrupt Output on Key Entry 


Contact Debounce 


The 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
microprocessors. The keyboard portion can provide ascanned interface to a 64 contact key matrix which can be expanded 
to 128. The keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the Hall 
effect and Ferrite variety. Key depressions can be 2 key or N key rollover. Keyboard entries are debounced and stored in an 
8 character FIFO. If more than 8 characters are entered, over run status is set. Key entries set the interrupt output line to the 
CPU. 


The display portion provides a scanned display interface for LED, incandescent and other popular display technologies. 
Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 has a 16 x 8 display 
RAM which can be organized into a dual 16 x 4. The RAM can be loaded or interrogated by the CPU. Both right entry, 
calculator and left entry typewriter display formats are possible. Both read and write of the display RAM can be done with 
auto-increment of the display RAM address. 


PIN CONFIGURATION LOGIC SYMBOL 


PIN NAMES 
DBg7 DATA BUS (BI-DIRECTIONAL) 
CLK CLOCK INPUT 
RESET | RESET INPUT SHIFT |~————_ | KEY DATA 
cs CHIP SELECT 
RD READ INPUT 
WR WRITE INPUT 
C/D. ~~ COMMAND/DATA INPUT 
lINT INTERRUPT OUTPUT cpu 
Sa SCAN OUTPUTS INTERFACE 
‘Bas RETURN INPUTS 


SHIFT SHIFT INPUT 

CNTL/STB CONTROL/STROBE INPUT 
Aes DISPLAY (A) OUTPUTS 
Bus ~ DISPLAY (B) OUTPUTS 
BD BLANK DISPLAY OUTPUT 


DISPLAY 
DATA 
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8279 BASIC FUNCTIONAL DESCRIPTION 
Introduction 


Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit mocroprocessors such as the 8080. 


The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 


The 8279 is designed to directly connect to the 8080 bus. 
The CPU can program all operating modes for the 8279. 
These modes include: 


Input Modes 


e Scanned Keyboard — with encoded (8 x 8 x 4 key 
keyboard) or decoded (4 x 8 x 4 key keyboard) scan 
lines. A key depression generates a 6-bit encoding of 
key position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key or N-key rollover. 


CLOCK RESET DBO-7 


DATA 
BUFFERS 


INTERNAL - DATA BUS (8) 


DISPLAY 
ADDRESS 


REGISTERS DISPLAY 
RAM 


DISPLAY 
REGISTERS 


TIMING 
AND 


CONTROL 


Ag.3 Bo.3 


FIGURE 1. 8279 BLOCK DIAGRAM 


CONTROL AND 8x8 
TIMING 
REGISTERS RAM 


e Scanned Sensor Matrix — with encoded (8 x 8 matrix 
switches) or decoded (4 x 8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 


e Strobed Input — Data on return lines during control 
line strobe is transferred to FIFO. 
Output Modes 


e 8 or 16 character multiplexed displays that can be 
organized as dual 4-bit or single 8-bit. 


e Right entry or left entry display formats. 


Other features of the 8279 include: 
e Mode programming from the CPU. 


e Programmable clock to match the 8279 scan times to 
the CPU cycle time. 


e Interrupt output to signal CPU when there is keyboard 
or sensor data available. 


e An 8 byte FIFO to store keyboard information. 


e 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 


RD 
FIFO/SENSOR 
1/0 CONTROL RAM 
7 STATUS 


R CS C/D INT 


KEYBOARD 
DEBOUNCE 
AND 
CONTROL 


FIFO/SENSOR 


| 


RETURN 


i 


So.3 Ro. SHIFT CONTL 
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Hardware Description 


The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 


No. Of 


Pins Designation Function 


Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans- 
mitted on these lines. 


8 DBO-DB7 


1 CLK Clock from system used to gen- 


erate internal timing. 


1 RESET A high signal on this pin resets 


the 8279. 


Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 


Command/Data. A high on this 
line indicates the signals in or 
out are interpreted as a com- 
mand. A low indicates that they 
are data. 


1 C/D 


Input/Output read and write. 
These signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 


1 INT Interrupt Output. In a keyboard 
mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa- 
tion in the RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 


2 Vss, Voc Ground and +5 +10% power 
supply pins. 

Scan outputs which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en- 
coded (1 of 16) or decoded (1 of 
4). 


Return line inputs which are 
connected to the scan lines 
through the keys or sensor 
switches. They have active in- 
ternal pullups to keep them 
high until a switch closure pulls 
one low. They also serve as an 
8-bit input in the Strobed Input 
mode. 


4 S0-S3 


8 RO-R7 


1 SHIFT The shift input status is stored 
along with the key position on 
key closure in the Scanned 


Keyboard modes. 


8279 


No. Of 


Pins Designation Function 


For keyboard modes this line is 
used as a control input and 
stored like status on a key clo- 
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 


These two ports are the outputs 
for the 16 x 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (SO-S3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked itnde- 
pendently. These two ports may 
also be considered as one 8 bit 
port. 


1 CNTL/STB 


4 A0-A3 
4 BO-B3 


Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 


Principles of Operation 


The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 


i/O Control and Data Buffers 

The |/O control section uses the CS, C/D, RD and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by C/D. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WReCS and output during 
RD®Cs. 


Control and Timing Registers and Timing Control 
These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with C/D = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a + N prescaler 
that can be programmed to match the CPU cycle time to 
the internal timing. The prescaler is software programmed 
to a value between 2 and 31. A value which yields an 
internal frequency of 100 kHz gives a 5.1 ms keyboard 
scan time and a 10.3 ms debounce time. The other 
counters divide down the basic internal frequency to 
provide the proper key scan, row scan, keyboard matrix 
scan, and display scan times. 
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Scan Counter 


The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 


Return Buffers and Keyboard Debounce and Control 


The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 


FIFO/Sensor RAM and Status 


This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
C/D high. The status logic also provides an INT signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, INT is 
high if a change in a sensor is detected. 


Display Address Registers and Display RAM 


The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 


Software Operation 


8279 Commands 


The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and C/D high and are loaded to the 8279 on the rising 
edge of WR. 


Keyboard/Display Mode Set 
MSB LSB 
K 


19 {0 fo |p| pik [Kk [Kk] 


Where DD is the Display Mode and KKK is the Keyboard 
Moae. 


Code: 


DD 

0 0O- 8 8-bit character display — Left entry 

QO 1 16 8-bit character display — Left entry” 
1 O 8 8-bit character display — Right entry 

1 1 16 8-bit character display — Right entry 


For description of right and left entry, see Interface 
Considerations. Note that when decoded scan Is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 


KKK 

0 0 O- Encoded Scan Keyboard — 2 Key Rollover” 
0 0 1 Decoded Scan Keyboard — 2-Key Rollover 
O 1 0 Encoded Scan Keyboard — N-Key Rollover 
Q 1 1 Decoded Scan Keyboard — N-Key Rollover 
1 0 Q . Encoded Scan Sensor Matrix 

1 0 1 Decoded Scan Sensor Matrix 

1 1 #O  Strobed Input, Encoded Display Scan 

1 1 =#1 + #4Strobed Input, Decoded Display Scan 


Program Clock 


Where PPPPP is the prescaler value 2 to 31. The 
programmable prescaler divides the external clock by 
PPPPP to get the basic internal frequency. Choosing a 
divisor that yields 100 KHz will give the specified scan and 
debounce times. Default after a reset pulse (but not a 
program clear) is 31. 


Code: 


Read FIFO/Sensor RAM 


Code: Fol 1 jolaAtyx|Alala. X = Don't Care 


Where Al is the Auto-Increment flag for the Sensor RAM 
and AAA is the row that is going to be read by the CPU. Al 
and AAA are used only if the mode is set to Sensor Matrix. 
This command is used to specify that the source of data 
reads (CSeRDeCD) by the CPU is the FIFO/Sensor 
RAM. No additional commands are necessary as long as 
“Default after reset. 
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data is desired from the FIFO/Sensor RAM. Another 
command is necessary if reading is desired from a 
different row than has been selected. If Al is aone, the row 
select counter will be incremented after each read so the 
next read will be from the next Sensor RAM row. 


In the Auto Increment mode for reading data from the 
FIFO/Sensor RAM, each read advances the address by 
one so that the next read is from the next character. This 
Auto Incrementing has no effect on the display. 


Read Display RAM 


oj} jaja fala fal 


Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to read 
next. Since the CPU uses the same counter for reading 
and writing, this command also sets the next write location 
and Auto-Increment mode. This command is used to 
specify the display RAM as the data source for CPU data 
reads. If Al is set, the character address will be 
incremented after each read (or write) so that the next 
read (or write) will be from (to) the next character. 


Code: 


Write Display RAM 


i}ofojaijajalala 


Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to write 
next. The addressing and Auto-Increment are identical to 
Read Display RAM. The difference is that Write Display 
RAM does not affect the source of CPU reads. The CPU 
will read from whichever RAM (Display or FIFO/Sensor) 
was last specified. This command will, however, change 
the location the next Display RAM read will be from if that 
source was specified. 


Code: 


Display Write Inhibit/Blanking 
cove. [a]o]s |x Jw Jrwfat Jou 
A B A _ B 


Where IW is Inhibit Writing (nibble A or B) and BL is 
Blanking (nibble A or B). If the display is being used asa 
dual 4-bit display, then it is necessary to mask one of the 4- 
bit halves so that entries to the Display from the CPU do 
not affect the other half. The IW flags allow the 
programmer to do this. It is also useful to be able to blank 
either half when that half is not to be displayed. The BL 
flags blank the display. The next command sets the output 
code to be used as a “blank”. Default after reset is all zeros. 
Note that to blank a display formatted as a single 8-bit 
output, it is necessary to set both BL flags to entirely blank 
the display. A “1” sets the flag. Reissuing the command 
with a “O” resets the flag. 


Clear 


Code: 


BROCARACACICA 


Where Cp is Clear Display, Cr is Clear FIFO Status 
(including interrupt), and Cy, is Clear All. Cp is used to 


clear all positions of the Display RAM to a programmable 
code. All ones, all zeros and hexadecimal 20 are possible. 
The 2 least significant bits of Cp are also used to specify 
the blanking code (see below). 


Cp Cp Cp 
0 X All Zeros (X = Don’t Care) 
1 #O Hex 20 (0010 0000) 
1 1 All Ones 


Enable clear display when = 1 (or by Ca = 1) 


Clearing the display takes one display scan. During this 
time the CPU cannot write to the Display RAM. The MSB 
of the FIFO status word will be set during this time. 


Cr set the FIFO status to empty and resets the interrupt 
output line. After execution of a clear command with C- 
set, the Sensor Matrix mode RAM pointer will be set to row 
0. 


Cra has the combined effect of Cp and Cr. Ca uses the Cp 
clearing code to determine how to clear the Display RAM. 
Ca, also resets the internal timing chain to resynchronize 
it. 


End Interrupt/Error Mode Set 


ralatafe| |x [x fx ]x | X = Don’t care. 


For the sensor matrix modes this command lowers the INT 
line and enables further writing into RAM. (The INT line 
would have been raised upon the detection of a change in 
a sensor value. This would have also inhibited further 
writing into the RAM until reset.) 


Code: 


For the N-key rollover mode — if the E bit is programmed 
to “1” the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 


Status Word 


The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when C/D is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 


Data Read 


Data is read when C/D, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of Al. 


Data Write 


Data that is written with C/D, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 


A. Scanned Keyboard Mode, 2-Key Rollover 


There are three possible combinations of conditions that 
can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. A full scan of the 
keyboard is ignored, then other depressed keys are 
looked for. If none are encountered, it is a single key 
depression and the key position is entered into the FIFO 
along with the status of CNTL and SHIFT lines. If the FIFO 
was empty, INT will be set to signal the CPU that there is 
an entry in the FIFO. Ifthe FIFO was full, the key will not be 
entered and the error flag will be set. If another closed 
switch is encountered, no entry to the FIFO can occur. If 
all other keys are released before this one, then it will be 
entered to the FIFO. If this key is released before any 
other, it will be entirely ignored. A key is entered to the 
FIFO only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will be 
recognized until one key remains depressed alone. The 
last key will be treated as a single key depression. 


B. Scanned Keyboard Mode, N-Key Rollover 


With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 


C. Scanned Keyboard — Special Error Modes 


For N-key rollover mode the user can program a special 
error mode. This is done by the “End Interrupt/Error Mode 
Set” command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle, two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See “FIFO STATUS” for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Cr = 1. 


D. Sensor Matrix Mode 


In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 
The INT line goes high if any sensor value change is 
detected at the end of asensor matrix scan. The INT lineis 
cleared by the first Data Read Command if the Auto- 


Increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 


E. Data Format 


in the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch in 
the keyboard plus the status of the CNTL and SHIFT lines. 
CNTL is the MSB of the character and SHIFT is the next 
most significant bit. The next three bits are from the scan 
counter and indicate the row the key was found in. The last 
three bits are from the column counter and indicate to 
which return line the key was connected. 


In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 


In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 


F. Display 
Left Entry 


Left Entry mode is the simplest display format inthateach 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 


14 15~<— Display 


ee ee Address 


Ist entry 


0 1 
0 1 
2nd entry | 1) 2 
0 1 

16th entry 15 |16 | 
QO 1 
17th entry 
0 1 
17 [18 | 


anew Cojo] ~~ Teh] 


LEFT ENTRY MODE 
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Right Entry 


Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 


I 2 14 15 Q~ Display 

ee eet a Address 
2 3 _ 15 0 1 
2nd entry [ |] ] 2 
3 4 01 2 
3rd entry [ | [ 
0 1 a a 13 14 15 
1h entry hale 6 
1 2 ee tae bee 1415 0O 
17th entry 15/16 |17 | 
2 3 15 0 1 
ranenry [Je] oppo 


Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
0 with sequential entry is recommended. 


Auto Increment 


In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 


0 12 3 4 5 6 7 Display 
ats Ld oe 
Address 

Z..3 4: <b) 6 <7 


0 1 
2nd entry Pefed Melped we ob. | 


Ist entry 


012 3 45 6 7 
sv Wc a 


Enter next at Location 5 Auto Increment 
0 23 4 5 6 7 


1 
ssewy [TTT TTT 


0 23 45 6 7 


1 
Ea ue el | 


4th entry 


In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 


12 3 4 5 6 7 0O<«Display 
cs aay (el 
ress 


23 45 670 1 


meory CT TITTIES 


commend [TTT [TTR 

10010101 
Enter next at Location 5 Auto Increment 
3 4 5 67 0 1 2 

vay [LTT PPT] 
45670 1 2 3 

aneny CIsle] PTT I | 


Starting at an arbitrary location operates as shown below: 


012 3 4 5 6 7«~ Display 
cnn [TTT TT TT) fa 
10010101 Address 


Enter next at Location 5 Auto Increment 


Ist entry 


2 1 
as eory [TT DTT 


See CIEICIERCICAEES 
See EACIEACICIEAEACS 


Entry appears to be from the initial entry point. 


8/16 Character Display Formats 


If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 


G. FIFO Status 


FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 
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The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 


In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indication 
is contained in the Sensor RAM. 


In Special Error Mode the S/E bit is showing the error flag 
and serves as an indication to whether a simultaneous 
multiple closure error has occurred. 


APPLICATIONS 


KEYBOARD 


SET MATRIX 


CONTROL 


8 COLUMNS 
RETURN 


INT 


DATA BUS 


8-BIT 
MICRO- DATA 

PROCESSOR = BUS 
SYSTEM 


SCAN 


4->+ 16 DECODER 


CONTROLS 


ADDRESS 
BUS 


CLOCK 


ADDRESSES 
(DECODED) 


DISPLAY 
CHARACTERS 
DATA 


DISPLAY 


FIGURE 2. GENERAL BLOCK DIAGRAM 
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SS SS SSS SSS ota in 


aMetric limits are subj ciication, Sor 
ABSOLUTE MAXIMUM RATINGS* cha 


Ambient Temperature 
Storage Temperature ............. 
Voltage on any Pin with 

Respect to Ground 
Power Dissipation 


= 2 @& © #8 @ 8 © © © © 2 8 8 


- “COMMENT: Stresses above those listed under “Absolute 


D.C. AND OPERATING CHARACTERISTICS | 


Ta = 0°C to 70°C, Vcc = t5V +10%, Veg = OV 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Vitv Input Low Voltage (for all inputs Vss-0.5 V 
ma a ad Ba 
Shifts and Control -100 HA Vin=Vss 
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e: Ty. 
- SZ 
A.C. CHARACTERISTICS "lining fing ‘Na 


tin 
Ta = 0° to 70°C, Voc = £10%, Vsg = OV oe heh 
SYMBOL | ss PARAMETER) =——s—S—sés|,séMIIN. | MAX. TESTCONDITIONS = =” 
tow Data Set Up to IOW Trailing Edge 150 | | nsec | 
tcsr CS Stable before IOR ) 0 | | nsec | 
p10 | nsec | CL=15 pF 
tesw | CSStable before OW | see 
twos | CSHoldfromioW | | see 
CAPACITANCE 


A.C. TEST CONDITIONS 


Output Load ......... 1 TTL Gate, and Cigap = 100 pF Keyboard Scan Time: 5.1 msec 
Input Pulse Levels... ........ 2.0002 eee 0.8 to 2.0V Keyboard Debounce Time: 10.3 msec 
Input Pulse Rise and Fall Times ....... (10% to 90%) 20 nS Key Scan Time: 80 sec 
Timing Measurement Reference Level Display Scan Time: 10.3 msec 
INPUT oo att eR a) oot Gs ie he Se ea 1.5V Digit-on Time: 480 usec 
OUDUE 3.2 8 05-0 Seah acd wees ere Bes 0.45V to 2.2V Blanking Time: 160 usec 
Internal Clock Cycle: 10 psec 
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WAVEFORMS 


1. Read Operation 


ae (nee 


10R 


DATA BUS 
(OUTPUT) 


2. Write Operation 


CS OR C/D 


DATA BUS DATA 
(INPUT) MAY CHANGE (|< DATA VALID 


3. Clock Input 


+a_$§_—_ ty —_—_—> 
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intel 


SDK-80 
8080 SYSTEM DESIGN KIT 


= Complete Single Board Microcomputer 
System Including CPU, Memory and I/O 


m@ Easy to Assemble Kit-Form 

@ High-Performance (2us Instruction 
Cycle) 

@ Interfaces Directly with most Terminals 
(75-4800 Baud) 


Large Wire-Wrap area for Custom 
Interfaces 


Extensive System Monitor Software 
in ROM 


PC Board Format and Power, 
Compatible with INTELLEC® MDS 


Complete MCS-80™ Design Library 


The 8080 System Design Kit (SDK-80) is a complete, single board, microcomputer system in kit form. It contains all necessary 
components, including resistors, caps, crystal and miscellaneous hardware to complete construction. Included is a pre- 
programmed ROM that contains the system monitor for general software utilities and system diagnostics. 


All that is required for operation are power supplies and a suitable terminal; TTY, CRT, etc., (level conversions and baud rate 


generation included on board). 


The SDK-80 is an inexpensive, high-performance prototype system that has designed-in flexibility for simple interface to the 


users application. 
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SDK-80 


GENERAL 


The SDK-80 is a complete 8080 microcomputer 
system on a single board, in kit form. It contains 
all necessary components to build a useful, 
functional system. Such items as resistors, 
caps, sockets and connectors are included. 
Assembly time varies from 3 to 5 hours, 
depending on the skill of the user. 


A compact but powerful system monitor is 
supplied with the SDK-80 to provide general 
software utilities and system diagnostics. It 
comes in a pre-programmed ROM. 


The SDK-80 communicates with the outside 
world through the user’s console terminal (TTY, 
CRT, etc.). The interface to most common 
terminals is direct and the baud rate is jumper 
selectable for complete flexibility. Both mem- 
ory and 1|/O can be easily expanded by simply 
soldering in additional devices in locations 
provided for this purpose. A large area of the 
board (12 sq. in.) is laid out as general purpose 
wire-wrap for the users custom interfaces. 


Only a few simple tools are required for 
assembly; soldering iron, cutters, screwdriver, 
etc. Once construction is complete, the user 
connects his console terminal and power 
supplies (3) to the SDK-80, lights it off and is 
ready to go. The monitor starts immediately 
upon power-on or reset and all commands are 
available to the user at that time. 


Completed Board. 
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SDK-80 Functional Block Diagram. 
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PERIPHERAL 
INTERFACE 


ADDRESS BUS (16) 


SDK-80 


SDK-80 SPECIFICATIONS 


Central Processor 


CPU: 8080A 
Instruction Cycle: 1.95 microsecond 
Tcy: 488 ns 


Memory 


ROM: 2K bytes (expandable to 4K _ bytes) 
8708/8308 
RAM: 256 bytes (expandable to 1K bytes) 8111 
Addressing: 
ROM 0000-OFFF 
RAM 1000-13FF 


Input/Output 
Parallel: One 8255 for 24 lines (expandable to 
48 lines). 
Serial: One 8251 USART. 
On-board baud rate generator (jumper 
selectable). 
Baud Rates: 75 1200 
110 2400 
300 4800 
600 
Interfaces 


Bus: All signals TTL compatible. 
Parallel 1/O: All signals TTL compatible. 
Serial 1/0: RS232C/EIA 

20mA current loop TTY 

TTL (one TTL load) 
Interrupts 


Single level: Generates RST7 vector. 
TTL compatible input. 


DMA 
Hold Request: Jumper selectable. 
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Software 


System Monitor: Pre-programmed 8708 or 
8308 ROM Addresses; 0000-03FF. 


Features: 


Display Memory Contents (D) 
Move blocks of memory (M) 
Substitute memory locations (S) 
Insert hex code (I) 
Examine Registers (X) 
Program Control (G) 


Break Point Capability 
Power-up start or system reset start. 


1/0: Console Device (serial !/O) 


Literature 

Design Library: 
8080 Users Manual 
8080 Assembly Language Manual 
PL/M Programming Manual 
MDS Brochure 
Reference Card (Programmers) 
SDK-80 User’s Guide 


Connectors 


I/O: 25 pin female (RS232C) 
PCB: MDS format 


Physical Characteristics (MDS Mechanical 
format) 

Width: 12.0 in. 

Height: 6.75 in. 

Depth: 0.50 in. 

Weight: approx. 12 oz. 


Electrical Characteristics (DC Power) 


Vcc 5V +5% 1.3 Amps 
Vpp 12V +5% 135 Amps 
Vep -10V +5% .20 Amps 


-12V +5% 
Environmental 
Operating Temperature: 0-70°C 


Or 


8085 8-BIT MICROPROCESSOR 
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SERIES 3000 BIPOLAR 
MICROCOMPUTER SYSTEM 


INTRODUCTION 


Since its introduction, the Series 3000 family of computing elements has found acceptance in a 
wide range of high performance applications from disk controllers to airborne central processors. 
The Series 3000 offers the flexibility, performance, and system integration necessary for an effec- 
tive system solution for both high speed controllers and central processors. 


The unique multiple bus structure of the 3002 Central Processing Element (CPE) eliminates the 
need for input data multiplexers or output latches. It also allows the designer to tailor the CPE’s to 
suit his particular processing requirements. The 3001 Microprogram Control Unit (MCU) addresses 
up to 512 words of microprogram memory and controls both conditional and unconditional jumps 
within microprogram memory. 


The entire component family has been designed to interconnect directly, minimizing the need for 
ancillary circuitry. It is available in commercial and military temperature range versions. In addition 
to the components, Intel has also developed a comprehensive support system to assist the user in 
writing microprograms, debugging hardware and microcode, and programming PROMs for both 
prototype and production systems. 


Thus, with a complete family of components and a power development system, Intel provides a 
Total System Solution, from development to production. 


TABLE OF CONTENTS 


Control Unit 
S001 Microprograny COMtrOl WIT % cc e-go gi weer dated Peers ee Earn we aes hehe ae cece nk os 11-3 
M3001: Micronrogram:- Control Units: iss 8 a a alee wee alee Ge Ba RBS Ee Bk Hee ab EE 11-10 


Central Processing Element 


s002.Central-Processing Element <4 6.2 63-40 se at a ee Be OSS BSG Br Wa a ee 11-13 
M3002 Central Processing Element, Mil Temp... 2... 0... ee 11-19 


Look-Ahead Carry Generator 


3003 Look-Aniead Carry Generators. <-60 oi ile wie 6 a VEE Gt HAR we OA RAS 11-21 
M3003 Look-Ahead Carry Generator, Mil Temp... . 0... 0. ee ee ees 11-24 


Latch Buffer 


Interrupt Control! Unit 


o244 Interrupt GCOntrPol. GNI 5 .ieu aoe he a ek es nee BG Sina ws aed Se Bee So an toa eee le ee ts SS ST a 11-34 
M3214 Interrupt Control Unit, Mil Temp... 2... 0.00000... 0 ee ee ee ee ee 11-40 
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MICROPROGRAM CONTROL UNIT 


The INTEL® 3001 Microprogram Con- 
trol Unit (MCU) controls the sequence in 
which microinstructions are fetched 
from the microprogram memory. Its 
functions include the following: 


Maintenance of the microprogram 
address register. 


Selection of the next microinstruction 
based on the contents of the micro- 
program address register. 


Decoding and testing of data supplied 
via several input busses to determine 
the microinstruction execution 
sequence. 


Saving and testing of carry output data 
from the central processor (CP) array. 


Control of carry/shift input data to 
the CP array. 


Control of microprogram interrupts. 


CONTROL TO 
MEMORY 1/0 


MEMORY 


ree A OUTPUTS 


= 
So 
[vend 
oO 
= PIPELINE 
REGISTER 
= (OPTIONAL) 
fo) 
Lo af 

MICRO. =) 

PROGRAM = 


High Performance — 85 ns Cycle 
Time 
TTL and DTL Compatible 


Fully Buffered Three-State and Open 
Collector Outputs 


Direct Addressing of Standard Bipolar 
PROM or ROM 


512 Microinstruction Addressability 
Advanced Organization 
9-Bit Microprogram Address Register 
and Bus 
4-Bit Program Latch 
Two Flag Registers 
Eleven Address Control Functions 
Three Jump and Test Latch 
Functions 
16-way Jump and Test Instruction 
Bus Function 
Eight Flag Control Functions 
Four Flag Input Functions 
Four Flag Output Functions 
40 Pin DIP 


MEMORY 
AOUORE SS BUGS 


OATA BUS 
TO MEMORY 


eae 
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ADDRESS IN 


INSTRUCTION BUS 


Figure 1. Block Diagram of a Typical System 
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PIN SYMBOL NAME AND FUNCTION Type!) 
1-4 PX4-PX7 Primary Instruction Bus Inputs active LOW 
Data on the primary instruction bus is tested by the JPX function to 
determine the next microprogram address. 
5,6, 8, 10 SX09-SX3 Secondary Instruction Bus Inputs active LOW 
Data on the secondary instruction bus is synchronously loaded into the 
PR-latch while the data on the PX-bus is being tested (JPX). During a 
subsequent cycle, the contents of the PR-latch may be tested by the 
JPR, JLL, or JRL functions to determine the next microprogram address. 
7,9, 11 PRo-PR2 PR-Latch Outputs open collector 
The PR-latch outputs are asynchronously enabled by the JCE function. 
They can be used to modify microinstructions at the outputs of the 
microprogram memory or to provide additional control lines. 
12, 13, 15, FCo-FC3 Flag Logic Control Inputs 
16 The flag logic control inputs are used to cross-switch the flags (C and Z) 
with the flag logic input (FI) and the flag logic output (FO). 
14 FO Flag Logic Output active LOW 
The outputs of the flags (C and Z) are multiplexed internally to form the three-state 
common flag logic output. The output may also be forced to a logical 0 
or logical 1. 
17 Fl Flag Logic Input active LOW 
The flag logic input is demultiplexed internally and applied to the inputs 
of the flags (C and Z). Note: the flag input data is saved in the F-latch 
when the clock input (CLK) is low. 
18 ISE Interrupt Strobe Enable Output 
The interrupt strobe enable output goes to logical 1 when one of the JZR 
functions are selected (see Functional Description, page 6). It can be used 
to provide the strobe signal required by the INTEL 3214 Priority Interrupt 
Control Unit or other interrupt circuits. 
19 CLK Clock Input 
20 GND Ground 
21-24 ACg-ACg Next Address Control Function Inputs 
37-39 All jump functions are selected by these control lines. 
25 EN Enable Input 
When in the HIGH state, the enable input enables the microprogram 
address, PR-latch and flag outputs. 
26-29 MAg-MA3 Microprogram Column Address Outputs three-state 
30-34 MAg-MAg Microprogram Row Address Outputs three-state 
35 ERA Enable Row Address Input 
When in the LOW state, the enable row address input independently 
disables the microprograrn row address outputs. It can be used with the 
INTEL 3214 Priority Interrupt Control Unit or other interrupt circuits 
to facilitate the implementation of priority interrupt systems. 
36 LD Microprogram Address Load Input 
When in the active HIGH state, the microprogram address load input 
inhibits all jump functions and synchronously loads the data on the 
instruction busses into the microprogram register. However, it does not 
inhibit the operation of the PR-latch or the generation of the interrupt 
strobe enable. 
40 vcc +5 Voit Supply 
NOTE: 


(1) Active HIGH unless otherwise specified. 


LOGICAL DESCRIPTION 


The MCU performs two major control 
functions. First, it controls the sequence 
in which microinstructions are fetched 
from the microprogram memory. For 
this purpose, the MCU contains a micro- 
program address register and the 
associated logic for selecting the next 
microinstruction address. The second 
function of the MCU is the control of 
the two flag flip-flops that are included 
for interaction with the carry input and 
carry output logic of the CP array. 
The logical organization of the MCU 
is shown in Figure 2. 


NEXT ADDRESS LOGIC 


The next address logic of the MCU pro- 
vides a set of conditional and uncondi- 
tional address control functions. These 
address control functions are used to 
implement a jump or jump/test opera- 
tion as part of every microinstruction. 
That is to say, each microinstruction 
typically contains a jump operation field 
that specifies the address control 
function, and hence, the next micro- 
program address. 
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In order to minimize the pin count of 
the MCU, and reduce the complexity of 
the next address logic, the microprogram 
address space is organized as a two 
dimensional array or matrix. Each 
microprogram address corresponds to 
a unit of the matrix at a particular 
row and column location. Thus, the 9- 
bit microprcgram address is treated as 
specifying not one, but two addresses — 
the row address in the upper five bits 
and the column address in the lower 
four bits. The address matrix can there- 
fore contain, at most, 32 row addresses 
and 16 column addresses for a total of 
512 microinstructions. 


The next address logic of the MCU 
makes extensive use of this two com- 
ponent addressing scheme. For example, 
from a particular row or column 
address, it is possible to jump uncon- 
ditionally in one operation anywhere in 
that row or column. It is not possible, 
however, to jump anywhere in the 
address matrix. In fact, for a given loca- 
tion in the matrix, there is a fixed sub- 
set of microprogram addresses that may 
be selected as the next address. These 


ENABLE 


possible jump target addresses are referred 
to as a jump set. Each type of MCU 
address control (jump) function has a 
jump set associated with it. Appendix 

C illustrates the jump set for each 
function. 


FLAG LOGIC 


The flag logic of the MCU provides a 
set of functions for saving the current 
value of the carry output of the CP 
array and for controlling the value of 
the carry input to the CP array. These 
two distinct flag control functions are 
called flag input functions and flag 
output functions. 


The flag logic is comprised of two 
flip-flops, designated the C-flag and the 
Z-flag, along with a simple latch, called 
the F-latch, that indicates the current 
state of the carry output line of the 
CP array. The flag logic is used in con- 
junction with the.carry and shift logic 
of the CP array to implement a variety 
of shift/rotate and arithmetic functions. 
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Figure 2. 3001 Block Diagram 
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FUNCTIONAL DESCRIPTION 


ADDRESS CONTROL FUNCTIONS 


The address control functions of the 
MCU are selected by the seven input 
lines designated ACg-ACg. On the 
rising edge of the clock, the 9-bit micro- 
program address generated by the next 
address logic is loaded into the micro- 
program address register. The next 
microprogram address is delivered to the 
microprogram memory via the nine 
output lines designated MAg-MAg. The 
microprogram address outputs are or- 
ganized into row and column addresses 
as: 


MAg MA7 MAg MAs MAg 
row address 
MA3 MAg MA, MAg 


column address 


Each address control function is speci- 
fied by a unique encoding of the data on 
the function input lines. From three to 
five bits of the data specify the par- 
ticular function while the remaining bits 
are used to select part of either the row 
or column address desired. Function 
code formats are given in Appendix A, 
“Address Control Function Summary.” 


The following is a detailed description 
of each of the eleven address control 
functions. The symbols shown below 
are used throughout the description to 
specify row and column addresses. 


Symbol Meaning 

rOWn 5-bit next row address 
where n is the decimal row 
address. 

col, 4-bit next column address 


where n is the decimal 
column address. 


UNCONDITIONAL ADDRESS CON- 
TROL (JUMP) FUNCTIONS 


The jump functions use the current 
microprogram address (i.e., the contents 
of the microprogram address register 
prior to the rising edge of the clock) and 
several bits from the address control in- 
puts to generate the next microprogram 
address. 


Mnemonic Function Description 


JCC Jump in current column. 
ACy-ACz, are used to 
select 1 of 32 row ad- 
dresses in the current 
column, specified by 
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MAg-MAs3, as the next 
address 


JZR Jump to zero row. 
ACg-AC3 are used to 
select 1 of 16 column 
addresses in rowg, as the 
next address. 


JCR Jump in current row. 
ACg-AC3 are used to 
select 1 of 16 addresses 
in the current row, speci- 
fied by MAqg-MAg, as 
the next address. 


JCE Jump in current column/ 
row group and enable 
PR-latch outputs. ACo- 
AC> are used to select 1 
of 8 row addresses in the 
current row group, speci- 
fied by MA7-MAg, as 
the next row address. The 
current column is speci- 
fied by MAg-MA3. The 
PR-latch outputs are 
asynchronously enabled. 


FLAG CONDITIONAL ADDRESS 
CONTROL (JUMP/TEST) 
FUNCTIONS 


The jump/test flag functions use the 
current microprogram address, the con- 
tents of the selected flag or latch, and 
several bits from the address control 
function to generate the next micro- 
program address. 


Mnemonic Function Description 


JFL Jump/test F-Latch. 
ACp-AC3 are used to 
select 1 of 16 row ad- 
dresses in the current 
row group, specified by 
MAg, as the next row 
address. !f the current 
column group, specified 
by MA3, Is colg-col7, 
the F-latch is used to 
select cola or col3 as the 
next column address. If 
MA3 specifies column 
group colg-col4s5, the 
F-latch is used to select 
Colo Or Col, as the 
next column address. 


JCF Jump/test C-flag. 
ACg-ACp> are used to 
select 1 of 8 row ad- 
dresses in the current 


row group, specified by 
MA7 and MAg, as the 
next row address. If the 
current column group 
specified by MAg is 
colg-col7, the C-flag is 
used to select cola or 
colg as the next column 
address. If MAg specifies 
column group colg-col4s, 
the C-flag is used to select 
COl4Q Or col,4 as the next 
column address. 


JZF Jump/test Z-flag. Identical 
to the JCF function de- 
scribed above, except 
that the Z-flag, rather 
than the C-flag, is used to 
select the next column 
address. 


PX-BUS AND PR-LATCH CONDI- 
TIONAL ADDRESS CONTROL 
(JUMP/TEST) FUNCTIONS 


The PX-bus jump/test function uses the 
data on the primary instruction bus 
(PX4-PX7), the current mircoprogram 
address, and several selection bits from 
the address control function to generate 
the next microprogram address. The 
PR-latch jump/test functions use the 
data held in the PR-latch, the current 
microprogram address, and several selec- 
tion bits from the address control 
function to generate the next micro- 
program address. 


Mnemonic Function Description 


JPR Jump/test PR-latch. 
ACy-ACp are used to 
select 1 of 8 row ad- 
dresses in the current 
row group, specified by 
MA7 and MAg, as the 
next row address. The 
four PR-latch bits are 
used to select 1 of 16 
possible column ad- 
dresses as the next 
column address. 


Mnemonic Function Description 


JLL Jump/test leftmost PR- 
latch bits. ACg-AC> are 
used to select 1 of 8 row 
addresses in the current 
row group, specified by 
MA7 and MAg, as the 
next row address. PRo 
and PR3 are used to 
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FUNCTIONAL DESCRIPTION (con't) 


JRL 


JPX 


select 1 of 4 possible 
column addresses in col4 
through col7 as the next 
column address. 


Jump/test rightmost PR- 
latch bits. ACg and AC, 
are used to select 1 of 4 
high-order row addresses 
in the current row group, 
specified by MAz and 
MAsg, as the next row 
address. PRg and PR, are 
used to select 1 of 4 pos- 
sible column addresses in 
Coly2 through colys as the 
next column address. 


Jump/test PX-bus and 
load PR-latch. ACg and 
AC, are used to select 1 
of 4 row addresses in the 
Current row group, speci- 
fied by MAg-MAg, as the 
next row address. PX4- 
PX7 are used to select 1 
of 16 possible column 
addresses as the next 
column address. SXq- 
S$X3 data is locked in the 
PR-latch at the rising 
edge of the clock. 


FLAG CONTROL FUNCTIONS 


The flag control functions of the MCU 
are selected by the four input lines 
designated FCg-FC3. Function code 
formats are given in Appendix B, ‘’Flag 
Control Function Summary.” 


The following is a detailed description 
of each of the eight flag control 
functions. 


FLAG INPUT CONTROL FUNCTIONS 


The flag input control functions select 
which flag or flags will be set to the cur- 
rent value of the flag input (FI) line. 
Data on FI is stored in the F-latch when 
the clock is low. The content of the F- 
latch is loaded into the C and/or Z flag 
on the rising edge of the clock. 


Mnemonic Function Description 


SCZ Set C-flag and Z-flag to 


Fl. The C-flag and the 2- 


flag are both set to the 
value of Fl. 


STZ Set Z-flag to Fl. The Z- 
flag is set to the value of 
Fl. The C-flag is 
unaffected. 


STC Set C-flag to Fl. The C- 
flag is set to the value of 
Fl. The Z flag is 
unaffected. 


HCZ Hold C-flag and Z-flag. 
The values in the C-flag 


and Z-flag are unaffected. 


FLAG OUTPUT CONTROL 
FUNCTIONS 


The flag output control functions 
select the value to which the flag out- 
put (FO) line will be forced. 


Mnemonic 


FFO Force FO to O. FO is 
forced to the value of 
logical 0. 


FFC Force FOtoC. FO is 
forced to the value of 
the C-flag. 


FFZ Force FO to Z. FO is 
forced to the value of 
the Z-flag. 


FF1 Force FO to 1. FO is 
forced to the value of 
logical 1. 


Function Description 


LOAD AND INTERRUPT 
STROBE FUNCTIONS 


The load function of the MCU is con- 
trolled by the input line designated LD. 
If the LD line is active HIGH at the 
rising edge of the clock, the data on 
the primary and secondary instruction 
busses, PX4-PX7 and SXg9-SX3, is 
loaded into the microprogram address 
register. PX4-PX7 are loaded into 
MAo-MA3 and SXg-SX3 are loaded 
into MAg-MA 7. The high-order bit of 
the microprogram address register MAg 
is set to a logical 0. The bits from the 
primary instruction bus select 1 of 16 
possible column addresses. Likewise, 
the bits from the secondary instruction 
bus select 1 of the first 16 row addresses. 


The interrupt strobe enable of the MCU 
is available on the output line designated 
ISE. The line is placed in the active high 
State whenever a JZR to col45 is selected 
as the address control function. Cus- 
tomarily, the start of a macroinstruction 
fetch sequence is situated at rowg and 
col;5 so that the INTEL 3214 Priority 
Interrupt Control Unit may be enabled 
at the beginning of the fetch/execute 
cycle. The priority interrupt control 
unit may respond to the interrupt by 
pulling the enable row address (ERA) 
input line down to override the selected 
next row address from the MCU. Then 
by gating an alternative next row address 
on to the row address lines of the micro- 
program memory, the microprogram 
may be forced to enter an interrupt 
handling routine. The alternative row 
address placed on the microprogram 
memory address lines does not alter 
the contents of the microprogram 
address register. Therefore, subsequent 
jump functions will utilize the row 
address in the register, and not the 
alternative row address, to, determine 
the next microprogram address. 


Note, the load function always overrides 
the address control function on ACg- 
ACg. It does not, however, override the 
latch enable or load sub-functions of the 
JCE or JPX instruction, respectively. In 
addition, it does not inhibit the interrupt 
strobe enable or any of the flag control 
functions. 
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D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................. 0°C to 70°C *COMMENT: Stresses above those listed under ‘Absolute Maximum 
‘5 é Ratings’’ may cause permanent damage to the device. This is a stress 
Storage Temperature ..........-..--, -65 C to +160 C rating only and functional operation of the device at these or any other 
conditions above those indicated in. the operational section of this 
+ 
All Output and Supply Voltages........... —0.5V to +7V specification is not implied. Exposure to absolute maximum ratings for 
All Input Voltages ~1.0V to +5.5V extended periods may affect device reliability. 
Outour Currents:«. 4.0.6 dc-04- gad vw tae LA eee Sed 100 mA 


Ta = O0°C to 70°C V., = 5.0V 15% 


SYMBOL PARAMETER MIN Typ!) MAX UNIT CONDITIONS 
‘ 
Ve Input Clamp Voltage (All 0.8 —1.0 V Ic =-5mA 
Input Pins) 
lp Input Load Current: 
CLK Input —0.075 —0.75 mA Ve =0.45V 
EN Input —0.05 —0.50 mA 
All Other Inputs —0.025 —0.25 mA 
IR Input Leakage Current: 
CLK 120 LA Ver = 5.25V 
EN Input 80 MA 
All Other Inputs 40 UA 
Vit Input Low Voltage 0.8 V Vcc = 5.0V 
ViH Input High Voltage 2.0 V 
lec Power Supply Current (2) 170 240 mA 
VOL Output Low Voltage 0.35 0.45 V lo. = 10mA 
(All Output Pins) 
VoH Output High Voltage 2.4 3.0 V lon =~1 mA 
(MAp-MAg, ISE, FO) 
los Output Short Circuit Current =15 —28 —60 mA Vec = 5.0V 
(MAg-MAg, ISE, FO) 
10 (off) Off-State Output Current: 
MAg—MAg, FO —100 LA Vo = 0.45V 
MAo-MAg, FO, PRo—PR2 100 uA Vo = 5.25V 
NOTES: 


(1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) EN input grounded, all other inputs and outputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS 1, = 0°C to 70°C, Vcc = 5.0V +5% 


SYMBOL PARAMETER MIN Typ!) MAX UNIT 
tcy Cycle Time (2) 85 60 ns 
twe Clock Pulse Width 30 20 ns 

Control and Data Input Set-Up Times: 
tsF LD, ACgo-ACg 10 0 ns 
tsk FCo, FC, 0 ns 
tsx SX9-SX3, PX4-PX7 35 25 ns 
ts) FI 15 5 ns 
Control and Data Input Hold Times: 
tHF LD, ACg-ACg 5 0 ns 
tHK FCo, FC, 0 ns 
tux SX9-SX3, PX4-PX7 20 5 ns 
tHi Fl 20 8 ns 
tco Propagation Delay from Clock !nput (CLK) to Outputs 10 30 45 ns 
(MAg-MAg, FO) 
tko Propagation Delay from Control Inputs FCz and FC3 to Flag 16 30 ns 
Out (FO) 
teo Propagation Delay from Control Inputs ACg-ACg to Latch 26 40 ns 


Outputs (PRo-P Ro) 


tEo Propagation Delay from Enable Inputs EN and ERA to Outputs 21 32 ns 
(MAg-MAg, FO, PRg-PR>) 


tr Propagation Delay from Control Inputs ACg-ACg to Interrupt 24 40 ns 
Strobe Enable Output (ISE) 


NOTE: 
(1) Typical values are for Ta = 25°C and nominal supply voltage. 


(2) tcy = twe+tsr +tco 


TEST CONDITIONS: TEST LOAD CIRCUIT: 


Input pulse amplitude of 2.5 volts. 

Input rise and fall times of 5 ns between 1 volt and 2 volts. . 
Output load of 10 mA and 50 pF. 5002 
Speed measurements are taken at the 1.5 volt level. 


OUT 
50 pF 1 K22 
CAPACITANCE! T, = 25°C 
SYMBOL PARAMETER MIN TYP MAX UNIT 
Cin Input Capacitance: 
CLK, EN 11 16 pF 
All Other Inputs 5 10 pF 
Cout Output Capacitance 6 12 pF 
NOTE: 


(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vejas = 2.5V, Vcc = 5V and 
Ta = 25°C. 


M3001 “TN 
4a, 


ABSOLUTE MAXIMUM RATINGS* &y 
‘ 


D.C. AND OPERATING CHARACTERISTICS 


Temperature Under Bias........ eae -55°C to +125°C *COMMENT: Stresses above those listed under ‘Absolute Maximum 
2 é Ratings’’ may cause permanent damage to the device. This is a stress 
Storage Temperature... ..........225- ~65 Cto +160 C rating only and functional operation of the device at these or any other 


conditions above those indicated in the operational section of this 


All Input and Supply Voltages.......-..-. -0.5V to +7V specification is not implied. Exposure to absolute maximum ratings for 
All lapit Voltages os. & ok zehner? tartan 3 SV OVAGSE SY — *PXIPHAECIDSHGUS MAW ev acraetne eyenn ny: 
OUTRUR CURENTS 1:8 4 «584-3 ene Pe han te aes 100 mA 
Ta = -55°C to +125°C, Vcc = 5.0V +10% 
SYMBOL PARAMETER MIN Typ!) MAX UNIT CONDITIONS 
Ve Input Clamp Voltage (All —0.8 -1.2 V Ic =~5 mA 
Input Pins) 
le Input Load Current: 
CLK Input -75 -750 uA Ve =0.45V 
EN Input -50 -500 uA 
All Other Inputs -25 -250 LA 
IR Input Leakage Current: 
CLK 120 LA VR =5.5V 
EN Input 80 LA 
All Other Inputs 40 LA 
Vib Input Low Voltage 0.8 V Vec = 5.0V 
Vin Input High Voltage 2.0 V 
lec Power Supply Current (2) 170 250 mA 
VOL Output Low Voltage 0.35 0.45 V lop. =10mA 
(All Output Pins) 
VOH Output High Voltage 2.4 3.0 V lon =—~1mA 
(MAg-MAg, ISE, FO) 
los Output Short Circuit Current =15 —28 —60 mA Vec = 5.0V 
(MAg-MAg, ISE, FO) 
lO (off) Off-State Output Current: 
MA g—MAg, FO —100 uA Vo = 0.45V 
MAg—MAg, FO, PRo—PR2 100 LA Vo = 5,5V 
NOTES: 


(1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) EN input grounded, all other inputs and outputs open. 
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M3001 


A.C. CHARACTERISTICS AND WAVEFORMS Ta = -55°C to +125°C, Voc = 5.0V +10% p 
SYMBOL PARAMETER MIN Typ!) MAX nt & 
tcy Cycle Time !2! 95 60 ns & 
twp Clock Pulse Width 40 20 ons 
Control and Data Input Set-Up Times: 
tsF LD, ACg-ACg 10 0 ns 
tsk FCo, FC, 0 ns 
tsx SX9-SX3, PXq-PX7 35 25 ns 
ts} FI 15 5 ns 
Control and Data Input Hold Times: 
tHE LD, ACg-ACg 5 0 ns 
tuk FCo, FC, 0 ns 
tHx SX9-SX3, PX4-PX7 25 5 ns 
ty Fl 22 8 ns 
tco Propagation Delay from Clock Input (CLK) to Outputs 10 30 45 ns 
(MAg-MAg, FO) 
tko Propagation Delay from Control Inputs FCz and FC3 to Flag 16 50 ns 
Out (FO) 
tEo Propagation Delay from Control Inputs ACg-ACg to Latch 26 50 ns 


Outputs (PRg-PR>) 


teEo Propagation Delay from Enable Inputs EN and ERA to Outputs 21 35 ns 
(MAg-MAg, FO, PRg-PR>) 


try Propagation Delay from Control Inputs ACg-ACg to Interrupt 24 40 ns 
Strobe Enable Output (ISE) 


NOTE: 
(1) Typical values are for Ta = 25°C and nominal supply voltage. 


(2) tcy = twe+tsettco 


TEST CONDITIONS: TEST LOAD CIRCUIT: 
V 
Input pulse amplitude of 2.5 volts. a 
Input rise and fall times of 5 ns between 1 volt and 2 volts. 
Output load of 10 mA and 50 pF. 5002 
Speed measurements are taken at the 1.5 volt level. 


OUT 
50 pF 1 KQ 
CAPACITANCE! T, = 25°C 
SYMBOL PARAMETER | MIN TYP MAX UNIT 
Cin Input Capacitance: 
CLK, EN 11 16 pF 
All Other Inputs 5 10 pF 
Cout Output Capacitance 6 12 pF 
NOTE: 


(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vpeyas = 2.5V, Vcc = 5V and 
Ta = 25°C. 
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3001 WAVEFORMS 


CLK 
CLOCK INPUT 
EN, ERA 


ENABLE INPUTS 


MAg-MAg 
CONTROL MEMORY 
ADDRESS OUTPUTS 


ACg-ACg, LD 
ADDRESS CONTROL 
INPUTS 


PRg-PR2 
“PR” LATCH OUTPUTS 


FCo-FC3 
FLAG CONTROL 
INPUTS 


Fl 
FLAG INPUT 


FO 
FLAG OUTPUT 


ISE 
INTERRUPT STROBE 
ENABLE OUTPUT 


SXq-PX7 
INSTRUCTION 
BUS INPUTS 


3001 


k—————— tux tsx 


11-12 


intel 
3002 
CENTRAL PROCESSING ELEMENT 


The INTEL’ 3002 Central Processing 
Element contains all of the circuits that TTL and DTL Compatible 
represent a 2-bit wide slice through the 

data processing section of a digital com- 
puter. To construct a complete central 
processor for a given word width N, it 
is simply necessary to connect an array 
of N/2 CPE’s together. When wired 
together in such an array, a set of CPE’s 


High Performance — 100 ns Cycle Time PACKAGE CONFIGURATION 


N-Bit Word Expandable Multi-Bus 
Organization 
3 Input Data Busses 


2 Three-State Fully Buffered Output 
Data Busses 


, : ee P i 
provide the following capabilities: 11 General Purpose Registers 
’ ; Full Function Accumulator 
2's complement arithmetic 
Logical AND, OR, NOT and Independent Memory Address Register 


exclusive-OR Cascade Outputs for Full Carry 


Incrementing and decrementing Look-Ahead 


Shifting left or right Versatile Functional Capability 


; | 8 Function Groups 
Bit testing and zero detection Ovendo Ucehul-Euncdons 
Zero Detect and Bit Test 


Single Clock 


Carry look-ahead generation 


Multiple data and address busses 


28 Pin DIP 


CONTROL TO MEMORY OATA BUS 
MEMORY 1/0 AOORE SS BUS 


TO MEMORY 
\ * a a ee 


\ 
\ 
PIPELINE 
REGISTER 


(OPTIONAL) 


MICRO \ 
PROGRAM 
MEMORY 
ADDRESS IN a \ 
Ped = * a 
coe | | x 
cA 
ees A 
\ 


\ 
\ \ 


MICRO-INSTRUCTION 


\ 
ee Sets Su, \ 
x 
INSTRUCTION BUS a 
DATA FROM DATA FROM 
Figure 1. Block Diagram of a Typical System MENORN DENATES 
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3002 


PIN DESCRIPTION 


PIN SYMBOL NAME AND FUNCTION TYPE") 

1,2 lo-|4 External Bus Inputs Active LOW 
The external bus inputs provide a separate input port for external input 
devices. 

3,4 Ko-K4 Mask Bus Inputs Active LOW 
The mask bus inputs provide a separate input port for the microprogram 
memory, to allow mask or constant entry. 

5,6 xX, Y Standard Carry Look-Ahead Cascade Outputs 
The cascade outputs allow high speed arithmetic operations to be 
performed when they are used in conjunction with the INTEL 3003 
Look-Ahead Carry Generator. 

7 CO Ripple Carry Output Active LOW 
The ripple carry output is only disabled during shift right operations. Three-state 

8 RO Shift Right Output Active LOW 
The shift right output is only enabled during shift right operations. Three-state 

9 LI Shift Right Input Active LOW 

10 Cl Carry Input Active LOW 

11 EA Memory Address Enable Input Active LOW 
When in the LOW state, the memory address enable input enables the 
memory address outputs (Ag-A}). 

12-13 Ao-A Memory Address Bus Outputs Active LOW 
The memory address bus outputs are the buffered outputs of the Three-state 
memory address register (MAR). 

14 GND Ground 

15-17, Fo-Fe Micro-Function Bus Inputs 

24-27, The micro-function bus inputs control ALU function and register 
selection. 

18 CLK Clock Input 

19-20 Do-D; Memory Data Bus Outputs Active LOW 
The memory data bus outputs are the buffered outputs of the full Three-state 
function accumulator register (AC). 

21-22 Mo-M, Memory Data Bus Inputs Active LOW 
The memory data bus inputs provide a separate input port for 
memory data. 

23 ED Memory Data Enable Input Active LOW 
When in the LOW state, the memory data enable input enables the 
memory data outputs (Dg-D;) 

28 Vcc +5 Volt Supply 

NOTE: 


1. Active HIGH, unless otherwise specified. 
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LOGICAL DESCRIPTION 


The CPE provides the arithmetic, logic 
and register functions of a 2-bit wide 
slice through a microprogrammed central 
processor. Data from external sources 
such as main memory, is brought into 
the CPE on one of the three separate in- 
put busses. Data being sent out of the 
CPE to external devices is carried on 
either of the two output busses. Within 
the CPE, data is stored in one of eleven 
scratchpad registers or in the accumula- 
tor. Data trom the input busses, the 
registers, or the accumulator is available 
to the arithmetic/logic section (ALS) 
under the control of two internal multi- 
plexers. Additional inputs and outputs 
are included for carry propagation, 
shifting, and micro-function selection. 
The complete logical organization of the 
CPE is shown below. 


MICRO-FUNCTION BUS AND 
DECODER 


The seven micro-function bus input 
lines of the CPE, designated Fo-Fe, 
are decoded internally to select the 
ALS function, generate the scratchpad 
address, and control the A and B 
multiplexers. 


M-BUS AND I-BUS INPUTS 


The M-bus inputs are arranged to bring 
data from an external main memory 
into the CPE. Data on the M-bus is 
multiplexed internally for input to 

the ALS. 


The |-bus inputs are arranged to bring 
data from an external 1/O system into 
the CPE. Data on the I-bus is also mul- 
tiplexed internally, although indepen- 
dently of the M-bus, for input to the 
ALS Separation of the two busses per- 
mits a relatively lightly loaded memory 
bus even though a large number of |/O 
devices are connected to the I-bus. 
Alternatively, the l-bus may be wired 
to perform a multiple bit shift (e.g., a 
byte exchange) by connecting it to one 
of the output busses. In this case, !/O 
device data is gated externally onto the 
M-bus. 


SCRATCHPAD 


The scratchpad contains eleven registers 
designated Ro through Rg and T. The 
output of the scratchpad is multiplexed 
internally for input to ALS. The ALS 
output is returned for input into the 
scratchpad. 


ACCUMULATOR AND D-BUS 


An independent register called the 
accumulator (AC) is available for storing 
the result of an ALS operation. The 
output of the accumulator is multi- 
plexed internally for input back to the 


3002 


ALS and is also available via a three- 
state output buffer on the D-bus 
outputs. Conventional usage of the 
D-bus is for data being sent to the 
external main memory or to external 
1/O devices. 


A AND B MULTIPLEXERS 


The A and B multiplexers select the two 
inputs to the ALS specified on the 
micro-function bus. Inputs to the A- 
multiplexer include the M-bus, the 
scratchpad, and the accumulator. The 
B-multiplexer selects either the I-bus, 
the accumulator, or the K-bus. The 
selected B-multiplexer input is always 
logically ANDed with the data on the 
K-bus (see below) to provide a flexible 
masking and bit testing capability. 


ALS AND K-BUS 


The ALS ts capable of a variety of 
arithmetic and logic operations, in- 
cluding 2’s complement addition, in- 
crementing, and decrementing, plus 
logical AND, inclusive-OR, exclusive- 
NOR, and logical complement. The 
result of an ALS operation may be 
stored in the accumulator or one of the 
scratchpad registers. Separate left input 
and right output lines, designated LI 
and RO, are available for use in right 
shift operations. Carry input and carry 
output lines, designated Cl and CO are 
provided for normal ripple carry propaga- 


MAIN MEMORY 
ADDRESS 
Ay Ao 


OUTPUT 
BUFFER 


ENABLE 
ADDRESS 


MEMORY 
ADDRESS 
REGISTER 


| 
| 
| 
| 
| 


LOOK AHEAD x 
CARRY OUTPUTS py 


CARRY OUT CO 
LEFT IN LI me 
CLK + 
Vec 
GND | 


MICRO. 
FUNCTION 


MICRO-FUNCTION 
BUS DECODER 


M1 Mo 
MEMORY 
DATA IN 


Figure 2. 3002 Block Diagram 
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ARITHMETIC/LOGIC 


SCRATCHPAD 
REGISTERS 
Ro—Rg. T 


tion. CO and RO data are brought out via 
two alternctely enabled tri-state buffers. 
In addition, standard look ahead carry 
outputs, designated X and Y, are available 
for full carry look ahead across any word 
length. 


The ability of the K-bus to mask inputs 
to the ALS greatly increases the versa- 
tility of the CPE. During non-arithmetic 
operations in which carry propagation 
has no meaning, the carry circuits are 
used to perform a word-wise inclusive- 
OR of the bits, masked by the K-bus, 
from the register or bus selected by the 
function decoder. Thus, the CPE pro- 
vides a flexible bit testing capability. 
The K-bus is also used during arithmetic 
operations to mask portions of the field 
being operated upon. An additional 
function of the K-bus is that of supply- 
ing constants to the CPE from the 
microprogram. 


MEMORY ADDRESS REGISTER 
AND A-BUS 


A separate ALS output is also avail- 
able to the memory address register 
(MAR) and to the A-bus via a three- 
state output buffer. Conventional usage 
of the MAR and A-bus ts for sending ad- 
dresses to an external main memory. 
The MAR and A-bus may also be used 
to select an external device when 
executing I/O operations. 


DATA OUT 
Dy Do 


ee et 


OUTPUT een ee ENABLE 


BUFFER DATA 


AC REGISTER | 


SECTION 


i O— C! CARRY IN 
Oo RO RIGHT OUT 


gid hee hae ee ee oe, oe 


DEVICE IN iN 


D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


3002 


Temperature Under Bias...............4.. 0°C to 70°C *COMMENT: Stresses above those listed under ‘Absolute Maximum 
Z ie Ratings’’ may cause permanent damage to the device. This is a stress 
Storage Temperature ............-.-. -65 °C to +160 C rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational section of this 
All Output and Supply Voltages Set re oe -0.5V to +7V specification is not implied. Exposure to absolute maximum ratings for 
All Input Voltages —~1.0V to +5.5V extended periods may affect device reliability. 
OUIBUL CULTENTS: oe ei we SS aE S eR ee 100 mA 
Ta = 0°C to +70°C, Veg = 5.0V 15% 
LIMITS 
SYMBOL PARAMETER MIN Typ!) MAX UNIT CONDITIONS 
Ve Input Clamp Voltage (All -0.8 1.0 V le =-5 mA 
Input Pins) 
Ir Input Load Current: 
Fo-Fg, CLK, Kg, Ky, EA, ED —0.05 —0.25 mA Ve =0.45V 
lo, ly, Mo, My, LI —0.85 = 15 mA 
Cl 22.3 —4.0 mA 
IR Input Leakage Current: 
Fo-Fg, CLK, Kg, Ki, EA, ED 40 LA Vr = 5.25V 
lo, 14, Mo, My, LI 60 UA 
Cl 180 LA 
Vit Input Low Voltage 0.8 V Vec = 5.0V 
Vin Input High Voltage 2.0 V 
loc Power Supply Current '2) 145 190 mA 
VOL Output Low Voltage (All G.3 0.45 V lo. = 10 mA 
Output Pins) 
VOH Output High Voltage (All 2.4 3.0 V lon =~1 mA 
Output Pins) 
los Short Circuit Output Current —15 220 —60 mA Vcc = 5.0V 
(All Output Pins) 
10 (off) Off State Output Current ~100 LA Vo = 0.45V 
Ao, Ay, Dg, D1, CO and RO 100 UA Vo = 5.25V 
NOTES: 


(1) Typical values are for Ta = 25°C and nominal supply voltage 


(2) CLK input grounded, other inputs open. 
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3002 
A.C. CHARACTERISTICS AND WAVEFORMS 


Ta = 0°C to 70°C, Vec = 5V +5% 


SYMBOL PARAMETER MIN Typ!) MAX UNIT 
tey Clock Cycle Time '2) 100 70 ns 
twp Clock Pulse Width 33 20 ns 
trs Function Input Set-Up Time (Fg through Fg) 60 40 ns 

Data Set-Up Time: 
tos lo. ly, Mo, Mi, Ko, Ky 50 30 ns 
tss LI, Cl 27 13 ns 
Data and Function Hold Time: 
teH Fo through Fg 5 -2 ns 
tou lo, ly, Mo, M,, Ko, Ky 5 -4 ns 
tsH LI, Cl 15 2 ns 
Propagation Delay to X, Y, RO from: 
tx F Any Function Input 37 52 ns 
txp Any Data Input 29 42 ns 
txT Trailing Edge of CLK 40 60 ns 
tx Leading Edge of CLK 20 ns 
Propagation Delay to CO from: 
te. Leading Edge of CLK 20 ns 
tcT Trailing Edge of CLK 48 70 ns 
tcr Any Function Input 43 65 ns 
tcp Any Data Input 30 55 ns 
tcc Ci (Ripple Carry) 14 25 ns 
Propagation Delay to Ao, Ay, Do, Dy from: 
to. Leading Edge of CLK 5 32 50 ns 
toe Enable Input ED, EA 12 25 ns 
NOTE: 


(1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) tcy = tps t+ toL- 


TEST CONDITIONS: TEST LOAD CIRCUIT: 


Input pulse amplitude: 2.5 V 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 10 mA and 30 pF. 

Speed measurements are made at 1.5 volt levels. OUT 


50082 


CAPACITANCE) Ty = 25°C 


SYMBOL PARAMETER MIN TYP MAX UNIT 


Cin Input Capacitance 5 10 pF 
Court Output Capacitance 6 12 pF 
NOTE: 
(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Veins = 2.5V, Vcc = 5.0V and 
Ta = 25°C. 


11-17 


M3002 7, 
4q 


D.C. AND OPERATING CHARACTERISTICS Ay 


ABSOLUTE MAXIMUM RATINGS* "s, 


Temperature Under Bias. ............. ~55°C to +125°C *COMMENT: Stresses above those listed under ‘‘Absolute Maximum 
5 “ Ratings’’ may cause permanent damage to the device. This is a stress 
Storage Temperature .............4.. -65'C to +160 C rating only and functional operation of the device at these or any other 


conditions above those indicated in the operational section of this 


All Input and Supply Voltages Se Se eee = —0.5V to +7V specification is not implied. Exposure to absolute maximum ratings for 
All Input Voltages..............0000. ~1.0V to +5.5V extended peblods may etlectdevice yeliapiiity: 
Output Currents <.c5e2cb oe ere Dedede Wee Sree BE 100 mA 
Ta =-55°C to +125°C, Voc = 5.0V 10%. 
LIMITS 
SYMBOL PARAMETER MIN Typ!) MAX UNIT CONDITIONS 
Ve Input Clamp Voltage (All —0.8 —1.2 V lc =-5 mA 
Input Pins) 
Ip Input Load Current: 
Fo-Fg, CLK, Ko, Ky, EA, ED —0.05 0.25 mA Ve =0.45V 
lo, 14, Mo, My, LI —0.85 = mA 
Cl 23 4.0 mA 
IR Input Leakage Current: 
Fo-Fg, CLK, Ko, Ki, EA, ED 40 LA VR = 5.5V 
lo, 14, Mo, My, LI 100 UA 
Cl 250 UA 
Vib Input Low Voltage 0.8 V Vec = 5.0V 
Vin Input High Voltage 2.0 V 
lcc Power Supply Current 145 210 mA 
VOL Output Low Voitage (All 0.3 0.45 V lo. = 10mA 
Output Pins) 
Vou Output High Voltage (All 2.4 3.0 V lon =—-1 MA 
Output Pins) 
los Short Circuit Output Current mS —25 —60 mA Vec = 5.0V 
(All Output Pins) 
10 (off) Off State Output Current —100 LA Vo = 0.45V 
Ag, Ai, Do, D1, CO and RO 100 LA Vo = 5.5V 


NOTES: 
(1) Typical values are for Ta = 25°C and nominal supply voltage 


(2) CLK input grounded, other inputs open. 
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M3002 “iN 
A.C. CHARACTERISTICS AND WAVEFORMS 4a, 


Ta =-55°C to +125°C, Voc = 5.0V +10%. 


SYMBOL PARAMETER MIN Typ!) MAX UNIT - 
tcy Clock Cycle Time [2] 120 70 ns 
twp Clock Pulse Width 42 20 ns 
trs Function Input Set-Up Time (Fo through Fg) 70 40 ns 

Data Set-Up Time: 
tps lo, Ia, Mo, My, Ko, Ky 60 30 ns 
tss LI, Cl 30 13 ns 
Data and Function Hold Time: 
teH Fo through Fg 5 -2 ns 
toH lo, ly, Mo, M,, Ko, Ky 5 -4 ns 
tsH LI, Cl 15 2 ns 
Propagation Delay to X, Y, RO from: 
txF Any Function Input 37 65 ns 
txp Any Data Input 29 55 ns 
txT Trailing Edge of CLK 40 75 ns 
tx Leading Edge of CLK 22 ns 
Propagation Delay to CO from: 
teL Leading Edge of CLK 22 ns 
tcT Trailing Edge of CLK 48 85 ns 
tcr Any Function Input 43 75 ns 
tcp Any Data Input 30 65 ns 
tcc Cl (Ripple Carry) 14 30 ns 
Propagation Delay to Ag, Ay, Dg, Dy from: 
toi Leading Edge of CLK 3) 32 60 ns 
toe Enable Input ED, EA 12 35 ns 
NOTE: 


(1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) tcY =tposttp. 


TEST CONDITIONS: TEST LOAD CIRCUIT: 


Vcc 


Input pulse amplitude: 2.5 V 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 10 mA and 30 pF. 

Speed measurements are made at 1.5 volt levels. OUT o— 


500!2 


30 pF7 1 KQ 


+ 
CAPACITANCE”) Ty = 25°C 
SYMBOL PARAMETER MIN TYP MAX UNIT 
Cin Input Capacitance 5 10 pF 
Cout Output Capacitance 6 12 pF 
NOTE: 
(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vejas = 2.5V, Vcc = 5.0V and 
Ta = 25°C. 


11-19 


3002 


3002 WAVEFORMS 


tcy 


CLOCK INPUT 
CLK 


FUNCTION INPUTS 
Fo-Fe a 
DATA INPUTS ; 
lo, 14, Ko, Ki, Mo, My ——ae eee eee 


r— 
CARRY AND SHIFT a 
EN PUTS Gs C0 secs a es ee en ENN 
txt 
i gas ie 
a bs N 
CARRY AND SHIFT hi 
OUTPUTS X, Y, RO 


tec 


ENABLE INPUTS 
a7 Vi <4 Brenan oe ne ne ee CE 


DATA OUTPUTS 
Ag, Ai, Do, D4 


11-20 


twe 
tFH 
= tN 
Neots a 
-— tpH 
™ 
Ni 
tsH 
ane 
a ne hg 
txL 
=} 
XK eit ae 
te. ———> 
rr \ 
NS eee ee 


intel 


3003 


LOOK-AHEAD CARRY GENERATOR 


The INTEL® 3003 Look-Ahead Carry 
Generator (LCG) is a high speed circuit 
capable of anticipating a carry across a 
full 16-bit 3002 Central Processing 
Array. When used with a larger 3002 

CP Array multiple 3003 carry generators 
provide high speed carry look-ahead 
capability for any word length. 


The LCG accepts eight pairs of active 
high cascade inputs (X,Y) and an active 
low carry input and generates active 
low carries for up to eight groups of 
binary adders. 


High Performance — 10 ns typical PACKAGE CONFIGURATION 


propagation delay 


Compatible with INTEL 3001 MCU 


1 

and 3002 CPE a 
X5 2 
DTL and TTL compatible ere Ns 
Cn+8 4 
Full look-ahead across 8 adders X5 - 
X4 6 
Low voltage diode input clamp Y5 ‘ 
Y4 8 
9 


Expandable Cn+5 
X3 

28-pin DIP Y3 
Cn+4 

Cn+2 

GND 


CONTROL TO 
MEMORY 1/0) 


PIPELINE 


MICRO 
PROGRAM 


REGISTER 
(OPTIONAL) 


MEMORY 
MOORE SS BOIS 


VOATA BOS 
TO) MAR MORuw 
_— 


~ 


MEMORY 


DATA FROM DAT A FROWN 


MEMORN OU NACES 


Diagram of a Typical System 
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3003 


LOGIC DIAGRAM 
EC,+ 8 id e 
Y7 
PIN DESCRIPTION x SG CS Se 2 SC a a 
tebe LL 
_ symeo.  NAMEAND Vo ICE ee eho 
— | CRRRREERERRRE 
1,7,8,11 Yo-Y7 Standard carry Active Slsngcseees === — 
18,21,23 look-ahead HIGH Mi dccieisscc O50 : 
27 japuits Widhaigcz=::=::— a o— cass 
2,5,6,10 Xo0-X7 Standard carry Active =P 
19,20,24 look-ahead HIGH 
26 inputs 
17 Cr Carry input Active 
- TTA 
e 
49,12 Cone Carry outputs Active - Ese leas ° ee 
13,15,16 Cn+g LOW Ys BRERA eee a 
e Peer cn +6 
3 ECy+g Cn+g carry Active Y4 Ra TRGBEGE . 
x e Cn+5 
output enable HIGH BL eee 
28 Vec +5 volt supply oe MA RUDBER . ea 
is CTT : ents 
14 GND Ground X2 x e 
Y; aan x 
x, maine ° cn +? 
Yo 
Xo i -» Cn+1 


3003 LOGIC EQUATIONS 


The 3003 Look-Ahead Generator is implemented in a compatible form for direct connection to the 3001 MCU and 3002 CPE. 


Logic equations for the 3003 are: 


| 


Ci, cee ie YoXg aa Yoon 


Cyt 2= 4X1 + YIVQXgt Yi oC, 


Ci+ 3= YoXo - YoY 1X4 + YoY 1YoX%g + YoY 1 Yoon 


C+ 4= 3X3 t V3 oXo + Y3V9V 1X1 + V3YoV iV QXQt Y3Y0V Voc, 


C,+5= Y4X, + YAY 3X3+ YAY 3Y 9X0 t Y4Y3Yo Yy X,+ Yar 3YoV1YoXq ag Yar3YoV1%QCn 


C,+6= ¥oxa.* Y5Y¥4Xq+ Y5Y4Y3X3t Y5Y4Y 3YoXo + Y5 YAY 3YoY 4X, + Y5YAY3YoY1YoXo + Y5Y4Y3Y9Y1YQC, 


TY 6Y5 YAY 3Y0Y 1% QCn 


C., + 8 = High Impedance State when EC, + 8 Low 
C., +8 = Y7X7 + Y7Y 6X6 + Y7Y 6Y5X5 + YY 6Y5Y 4X4 + ¥7¥6%5Y4V 3X3 + Y7V6Y5Y4Y3Y 0X9 + YoY 6Y5Y AY 3Yo0Y 1% 
+ YI 6Y5Y AY 3Y2V1Y 0X0 + Y7YV6Y5YAY3Y2Y1YQC, when EC. + 8 high 
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3003 


D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............ -55°C to +125°C *COMMENT: Stresses above those listed under ‘‘Absolute Maxi- 

- a mum Ratings” may cause permanent damage to the device. This is a 

Storage Temperature .............. -65 C to +160 C stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sec- 

All Input and Supply Voltages.......... —0.5V to +7V tion of this specification is not implied. Exposure to absolute maxi- 

All Input Voltages ~1.0V to +5.5V mum ratings for extended periods may affect device reliability. 
Output Currents ........0...... 2.000 ee eee 100 mA 


Ta = -55°C to +125°C, Vcc = 5.0V +10%. 


SYMBOL PARAMETER min. Typ.'1)) Max. UNIT CONDITIONS 
Vo Input Clamp Voltage (All -0.8 -1.2 V Ic =-5 mA 
Input Pins) 
Ip Input Load Current: 
X6,X7,Cn,ECy+8 -0.07 -0.25 mA Ve = 0.45V 
Y7,X0-X5, -0.200 -0.500 mA 
Yo-Y6 -0.6 -1.5 mA 
Ip Input Leakage Current: 
Cy and EC, + 8 40 uA Vcc = 5.25V, Vp = 5.5V 
All Other Inputs 100 UA 
Vib Input Low Voltage 0.8 V Vcc = 9.0V 
Vin Input High Voltage 2.1 V Vcc = 9.0V 
loc Power Supply Current 80 130 mA All Y and EC, + 8 high, 
All X and Cy low 
VOL Output Low Voltage (All 0.35 0.45 V lol =4mA 
Output Pins) 
VOH Output High Voltage (All 2.4 3 V loH =-1 mA 
Output Pins) 
los Short Circuit Output Current 
(All Output Pins) -15 -40 ~65 mA Vcc = 5V 
IO(off) Off-State Output Current -100 UA Vo = 0.45V 
(C,, + 8) +100 LA Vo = 5.5V 
NOTE: 
(1) Typical values are for Ta = 25°C and nominal supply voltage. 


A.C. CHARACTERISTICS 


Ta = -55°C to +125°C, Voc = +5.0V +10% 


SYMBOL PARAMETER min. TypP.(17)) MAX. — UNIT 
txc X, Y to Outputs 3 10 25 ns 
tcc Carry In to Outputs 13 40 ns 
ten Enable Time, C,, + 8 20 50 ns 
NOTE: 
(1) Typical values are for Ta = 25°C and nominal supply voltage. 
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*COMMENT: Stresses above those listed under ‘‘Absolute Maxi- 


mum Ratings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tion of this specification is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


M3003 

D.C. AND OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias............... 0°C to 70°C 

Storage Temperature.............. -65°C to +160°C 

All Output and Supply Voltages......... -0.5V to +7V 

All Input Voltages..............05. -1.0V to +5.5V 

OutpGt CUnents:c2 se ene ee bot Ware Hee ee 100 mA 


Ta =O°Cto+70°C Veg = 5.0V +5% 


SYMBOL PARAMETER min. Typ.") max. 
Ve Input Clamp Voltage (All -0.8 ~1.0 
Input Pins) 
Ir Input Load Current: 
Xg,X7Cn,EC, +8 -0.07 -0.25 
Y7,X%Q°X5, -0.200 -0.500 
Yo Y6 ~0.6 -1.5 
Ip Input Leakage Current: 
C,, and EC, + 8 40 
All Other Inputs 100 
ViL Input Low Voltage 0.8 
Vin Input High Voltage 2.0 
lec Power Supply Current 80 130 
VOL Output Low Voltage (All 0.35 0.45 
Output Pins) 
VOH Output High Voltage (All 2.4 3 
Output Pins) 
los Short Circuit Output Current 
(All Output Pins) -15 -40 -65 
lO(off) Off-State Output Current - 100 
(C,, + 8) +100 
NOTE: 


(1) 


Typical values are for Ta = 25°C and nominal supply voltage. 


A.C. CHARACTERISTICS 


Ta = 0°C to 70°C, Veg = +5V + 5% 

SYMBOL PARAMETER MIN. TYP.({1) MAX. — UNIT 

tx¢e X, Y to Outputs 3 10 20 ns 

tcc Carry In to Outputs 13 30 ns 

tEN Enable Time, C,, + 8 20 40 ns 
HNO Es, 0 8 ee ee Se 
(1) Typical values are for Ta = 25°C and nominal supply voltage. 
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mA 


HA 


UNIT CONDITIONS 

V Ic =-5 mA 

mA Ve = 0.45V 

mA 

mA 

LA VR = 5.25V 

UA 
V Vcc = 5.0V 
V Vcc = 5.0V 

mA All Y and EC, + 8 high, 


All X and Cy, low 


lol = 4 mA 


loH = -1 mA 


Vcc = 5V 


Vo = 0.45V 
Vo = 5.25V 


"Ey 


& 


3003 


WAVEFORMS 


X.Y INPUTS 
'xc 


Cy+1-Cp+g OUTPUTS 


tec 


NOTE: ALTERNATE TEST LOAD: 
Cy INPUT 
Vcc 


10K 


/ (SEE NOTE) 
Ca+g OUTPUT 


CAPACITANCE”! T, = 25°C 


SYMBOL PARAMETER MIN TYP MAX UNIT 
Cin Input Capacitance All inputs 12 20 pF 
Court Output Capacitance C,+8 7 12 pF 

NOTE: 


(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Veias = 5.0V, 
Vcc =5.0V and Tay = 25°C. 


TEST CONDITIONS: TEST LOAD CIRCUIT: Vcc 
Input pulse amplitude of 2.5V. 1K 
Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 30 pF. OUT 


Speed measurements are made at 1.5 volt levels. 
30 pF 2K 
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intel 


3212 


MULTI-MODE LATCH BUFFER 


The INTEL® 3212 Multi-Mode Latch 
Buffer is a versatile 8-bit latch with 
three-state output buffers and built-in 
device select logic. It also contains an 
independent service request flip-flop 
for the generation of central processor 
interrupts. Because of its multi-mode 
capabilities, one or more 3212's can 
be used to implement many types of 
interface and support systems for Series 
3000 computing elements including: 


Simple data latches 
Gated data buffers 
Multiplexers 


Bi-directional bus drivers 


Interrupting input/output ports 


CONTROL TO 
MEMORY 1/0 


PIPELINE 
\ REGISTER 


MICRO. 
PROGRAM 
MEMORY 


MICRO-INSTRUCTION 


ADORESS IN 


Figure 1. Block Diagram of a Typical System 


(OPTIONAL) 


High Performance — 50 ns Write Cycle 
Time 


Low Input Load Current — 250 uA 
Maximum 


Three-State Fully Buffered Outputs 
High Output Drive Capability 


independent Service Request Flip- 
Flop 


Asynchronous Data Latch Clear 


24 Pin DIP 


MEMORY OAT A BOS 
AUOOWE SS BUS TO MEMORY’ 


AK CWITPUTS DO OVUITOEVITS 


\ 
FOS \ 


PACKAGE CONFIGURATION 


DS, 


MD 
DI, 


DO, 
Diy 
DO2 
DI3 
DO3 
Dig 
DO4 
STB 


GND 


INSTRUCTION BUS 
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DATA FROM ORTA FROM 
MENMORN OUN ACES 


3212 


PIN DESCRIPTION 


PIN SYMBOL NAME AND FUNCTION Type") 
1 DS, Device Select Input 1 active LOW 
2 MD Mode Input 


When MD is high (output mode) the output buffers are enabled and the 
write signal to the data latches is obtained from the device select logic. 
When MD is low (input mode) the output buffer state is determined by 
the device select logic and the write signal is obtained from the strobe 


(STB) input. 
3, 5, 7, 9, DI,—Dlg, Data Inputs 
16, 18, 20, , 
29 The data inputs are connected to the D-inputs of the data latches. 
4,6, 8, 10, DO,—DOg Data Outputs three-state 
ae Deke The data outputs are the buffered outputs of the eight data latches. 
11 STB Strobe Input 
When MD is in the LOW state, the STB input provides the clock input 
to the data latch. 
12 GND Ground 
13 DS» Device Select Input 2 
When DS, is low and DSo is high, the device is selected. 
14 CLR Clear active LOW 
23 INT Interrupt Output active LOW 
The interrupt output will be active LOW (interrupting state) when 
either the service request flip-flop is low or the device is selected. 
NOTE: 


(1) Active HIGH, unless otherwise specified. 
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FUNCTIONAL DESCRIPTION 


The 3212 contains eight D-type data 

latches, eight three-state output buf- 

fers, a separate D-type service request 
flip-flop, and a flexible device select/ 
mode control section. 


DATA LATCHES 


The Q-output of each data latch will 
follow the data on its corresponding 
date input line (DI,—Dlg) while its 
clock input is high. Data will be 


latched when the internal write line WR 


is brought low. The output of each 
data latch is connected to a three-state, 
non-inverting output buffer. The in- 
ternal enable line EN is bussed to each 
buffer. When the EN ts high, the buf- 
fers are enabled and the data in each 
latch is available on its corresponding 
data output line (DO9—DOg). 


DEVICE SELECT LOGIC 


Two input lines DS, and DS> are pro- 
vided for device selection. When DS, 
is low and DSo is high, the 3212 is 
selected. 


MODE CONTROL SECTION 


The 3212 may be operated in two 
modes. When the mode input line MD 
is low, the device is in the input mode. 
In this mode, the output buffers are 
enabled whenever the 3212 is selected: 
the internal WR line follows the STB 
input fine. 


When MD is high, the device is in the 
Output mode and, as a result, the out- 
put buffers are enabled. In this mode, 
the write signal for the data latch is 
obtained from the device select logic. 


SERVICE REQUEST FLIP-FLOP 
AND STROBE 


The service request flip-flop SR is used 
to generate and control central proces- 
sor interrupt signals. For system reset, 
the SR flip-flop is placed in the non- 
interrupting state (i.e., SR is set) by 
bringing the CLR line low. This simul- 
taneously clears (resets) the 8-bit data 
latch. 


3212 


The QO output of the SR flip-flop is 
logically ORed with the output of 
device select logic and then inverted 
to provide the interrupt output INT. 


The 3212 is considered to be in the in- 


terrupting state when the INT output 
is low. This allows direct connection 
to the active LOW priority request in- 
puts of the INTEL®3214 Interrupt 
Control Unit. 


DI; 


Dio 


013 —}-————_____-_ 


Dig 


Dig 


Dlg 


M3212 Logic Diagram 
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When operated in the input mode (i.e.; 
MD low) the strobe input STB is used 
to synchronously write data into the 
data latch and place the SR flip-flop in 
the interrupting (reset) state. The in- 
terrupt is removed by the central pro- 
cessor when the interrupting 3212 is 
selected. 


INT 
ine 
| 
alee 
l | 
= D a mee DO2 
a= 
i D | oa | DO3 
Q an DO4 
ie 
ai D a ar DOs 


i & DOg 


| 
a 

: iL | 
>. DOg 


3212 


D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................. 0°C to 70°C 
Storage Temperature................ ~65°C to +160°C 
All Output and Supply Voltages........... ~—0.5V to +7V 
All Input Voltages... ..........0....04. -1.0V to +5.5V 
Output Currents................0 0000 ce eee 100 mA 


Ta =0°C to+75°C Vec = +5V +5% 


“COMMENT: Stresses above those listed under “Absolute Maximum 
Ratings’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 


Symbol Parameter Min. 
lf Input Load Current 
STB, DS, CLR, DI,;—Dlg Inputs 
Ip Input Load Current 
MD Input 
Ip Input Load Current 
DS, Input 
IR Input Leakage Current 
STB, DS, CLR, DI,;—Dlg Inputs 
IR Input Leakage Current 
MD Input 
IR Input Leakage Current 
DS, Input 
Ve Input Forward Voltage Clamp 
Vit Input ‘’Low’’ Voltage 
Vin Input ‘High’ Voltage 2.0 
VoL Output ‘‘Low”’ Voltage 
VoH Output “High” Voltage 3.65 
Isc Short Circuit Output Current -15 
lol Output Leakage Current 
High Impedance State 
lec Power Supply Current 


Typ. Max. Unit Conditions 
-.25 mA Ve = .45V 
~.75 mA Ve = .45V 
~1.0 mA Ve = .45V 
10 UA VR S Vec 
30 UA Vr S Vcc 
40 UA Vea S Vec 
-1 V lc = -5 mA 

.85 V 
V 
.45 V lo. = 15mA 
4.0 V lon = -1 mA 
-75 mA Vcc =5.0V 
20 MA Vo = .45V/5.25V 
90 130 mA 
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3212 
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A.C. CHARACTERISTICS = T, = 0°C to 75°C, Vcc = +5.0V + 5% 


Symbol Parameter Min. Typ. Max. Unit 

tpw Pulse Width 25 ns 

tpp Data To Output Delay 30 ns 

twe Write Enable To Output Delay 40 ns 

tset Data Setup Time 15 ns 

ty Data Hold Time ‘ 20 ns 

tr Reset To Output Delay 40 ns 
ty Set To Output Delay 30 ns 

te Output Enable Time 45 ns C. = 30pf 
tc Clear To Output Display 45 ns 

TEST CONDITIONS: TEST LOAD CIRCUIT: 
Input pulse amplitude of 2.5 volts. 

Input rise and fall times of 5 ns between 1 volt and 2 volts. Vec 
Output load of 15 mA and 30 pF. 

Speed measurements are taken at the 1.5 volt level. 30022 

OUT 
30 pF 6002 


CAPACITANCE"? 


LIMITS 
Symbol Test 
Min. Typ. Max. Units 
Cin DS,, MD Input Capacitance 9 12 pf 
Cin DS2, CLR, STB, DI,—Dlg 5 9 pf 


Input Capacitance 


Cout DO,—DOg Output Capacitance 8 12 pf 

NOTE: 

(1) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vejas = 2.5V, Vcc = 5V and 
Ta = 25°C. 
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| M3212 M/) 
D.C. AND OPERATING CHARACTERISTICS 


4 
Ay rey 
i / 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.............. ~55°C to +125°C “COMMENT: Stresses above those listed under “Absolute Maximum 
é 3 Ratings’’ may cause permanent damage to the device. This is a stress 
Storage Temperature. ............... -65 C to +160 C rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational section of this 
All Input and Supply Voltages............ -0.5V to +7V specification is not implied. Exposure to absolute maximum ratings for 
All Input Voltages -1.0V to +5.5V extended periods may affect device reliability. 
Output Currents.............. 0000 ev ee eee 100 mA 


Ta = -55°C to +125°C; Voc = 5.0V +10% 


Tt 


Symbol Parameter Min. Typ. Max. Unit Conditions 
SSE, 
le Input Load Current -.25 mA Ve = .45V 


STB, DSz, CLR, Dl,—Dlg Inputs 


If Input Load Current -.75 mA Ve = .45V 
MD Input 

lp Input Load Current -1.0 mA Ve = .45V 
DS, Input 

IR Input Leakage Current 10 LA Vr S Vcc 


STB, DS, CLR, DI,;—Dlg Inputs 


IR Input Leakage Current 30 LA VR S Vee 
MD Input 

IR Input Leakage Current 40 LA Vea S Vec 
DS, Input 

Ve Input Forward Voltage Clamp 1.2 V lo = -5 mA 

Vin Input ‘‘Low’’ Voltage .80 V 

Vin Input ‘‘High’’ Voltage 2.0 V 

VoL Output “Low” Voltage 45 V lol = 10mA 

VOH Output ‘’High’”’ Voltage 3.5 4.0 V lon = .5mA 

Isc Short Circuit Output Current -15 -75 mA Vec = 5.0V 

Ilo| Output Leakage Current 20 UA Vo = .45V/5.5V 


High |!mpedance State 


lec Power Supply Current 90 145 mA 
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M3212 


A.C. CHARACTERISTICS T, = -55°C to +125°C, Vcc = 5.0V + 10% © 


Symbol Parameter Min. Typ. Max. 
tpw Pulse Width 40 
tpp Data To Output Delay 30 ns 
twe Write Enable To Output Delay 50 ns 
tseT Data Setup Time 20 ns 
ty Data Hold Time 30 ns 
te Reset To Output Delay 55 ns 
ts Set To Output Delay 35 ns 
te Output Enable Time 50 ns C, = 30pf 
to Clear To Output Display 55 ns 
TEST CONDITIONS: TEST LOAD CIRCUIT: 
Input pulse amplitude of 2.5 volts. 
Input rise and fall times of 5 ns between 1 volt and 2 volts. Vec 
Output load of 15 mA and 30 pF. 
Speed measurements are taken at the 1.5 volt level. 30082 
OUT 
30 pF 6002 


CAPACITANCE") 


LIMITS 
Symbol Test 
! Min. Typ. Max. Units 
Cin DS,, MD Input Capacitance 9 12 pf 
Cin DS2, CLR, STB, DI,—Dl. 5 9 pf 


Input Capacitance 


Court DO,—DOg Output Capacitance 8 12 pf 

NOTE: | 

(1) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Veias = 2.5V, Vcc = 5V and 
Ta = 25°C. 
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3212 


WAVEFORMS 


DATA 


STB or DS} + DS» 


OUTPUT 


DS; + DS 1.5V 1.5V 


OUTPUT 


DATA 


~ tSET : tH ~ 


STB or DS; DSo | 1.5V 
OUTPUT 


STB 


DS4 ° DS2 


INT 


| 
NOTE: ALTERNATIVE TEST LOAD = tom 


Vcc 


10K 


Ck 1K 
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3214 


INTERRUPT CONTROL UNIT 


The Intel®3214 Interrupt Control Unit 
(ICU) implements multi-level interrupt 
capability for systems designed with 
Series 3000 computing elements. 


The ICU accepts an asynchronous in- 
terrupt strobe from the 3001 Micro- 
program Control Unit or a bit in 
microprogram memory and generates 
a synchronous interrupt acknowledge 
and an interrupt vector which may be 
directed to the MCU or CP Array to 
uniquely identify the interrupt source. 


The ICU is fully expandable in 8-level 
increments and provides the following 
system capabilities: 


Eight unique priority levels per ICU 
Automatic Priority Determination 
Programmable Status 

N-level expansion capability 


Automatic interrupt vector genera- 
tion 


INTERRUPT 


VECTOR cae IN 


INTERRUPT 
REQUESTS 


High Performance — 80 ns Cycle Time 


Compatible with Intel 3001 MCU and 
3002 CPE 


8-Bit Priority Interrupt Request Latch 
4-Bit Priority Status Latch 


3-Bit Priority Encoder with Open 
Collector Outputs 


DTL and TTL Compatible 
8-Level Priority Comparator 
Fully Expandable 

24-Pin DIP 


CONTROL TO MEMORY DATA BUS 
MEMORY 1/0) 


AOORE SS BIS 


KH OUTPUTS 


PIPELINE 
REGISTER 


INSTRUCTION BUS 
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VO MEMORY 


DO OUTPUTS 


cP ARRAN 
(OPTIONAL) i 4002'S 
oO\ 
re MANPUTS VVNPOTS 


PACKAGE CONFIGURATION 


ARO 


DATA FROM DOARTA FROM 
MENMORN DENACES 


3214 
Sc a a a et ee 
PIN DESCRIPTION . 


PIN SYMBOL NAME AND FUNCTION TYPE!) 


1=3 Bo-—Ba Current Status Inputs Active LOW 


The Current Status inputs carry the binary value modulo 8 of the current 
priority level to the current status latch. 


4 SGS Status Group Select Input Active LOW 


The Status Group Select input informs the ICU that the current priority 
level does belong to the group level assigned to the ICU. 


5 AN Interrupt Acknowledge Active LOW 
Open-Collector 


The Interrupt Acknowledge Output will only be active from the ICU Output 


(multi-{CU system) which has received a priority request at a level 
superior to the current status. It signals the controlled device (usually 
the processor) and the other !CUs OR-tied on the Interrupt Acknowledge 
line that an interrupt request has been recognized. 


The IA signal also sets the Interrupt Disable flip-flop (it overrides the 
clear function of the ECS input). 


6 CLK Clock Input 


The Clock input is used to synchronize the interrupt acknowledge with 
the operation of the device which it controls. 


7 ISE Interrupt Strobe Enable Input 


The Interrupt Strobe Enable input informs the ICU that it is authorized 
to enter the interrupt mode. 


8—10 Ao-Az Request Level Outputs Active LOW 


l -Coll 
When valid, the Request Level outputs carry the binary value (modulo 8) Open aac 


of the highest priority request present at the priority request inputs or 
stored in the priority request latch. The request level outputs can be- 
come active only with the ICU which has received the highest priority 
request with a level superior to the current status. 


11 ELR Enable Level Read Input Active LOW 


When active, the Enable Level Read input enables the Request Level 
output buffers (Ag—Apg). 


12 GND Ground 
13 ETLG Enable This Level Group Input 


The Enable This Level Group input allows a higher priority [CU in multi- 
ICU systems to inhibit interrupts within the next lower priority ICU 
(and all the following ICUs). 


14 ENLG Enable Next Level Group Output 


The Enable Next Level Group output allows the ICU to inhibit inter- 
rupts within the lower priority ICU in a multi-ICU system. 


15-22 Ro-R7 Priority Interrupt Request Inputs Active LOW 


The Priority Interrupt Request inputs are the inputs of the priority 
Interrupt Request Latch. The lowest priority level interrupt request 
signal is attached to Rg and the highest is attached to R5. 


23 ECS Enable Current Status Input Active LOW 


The Enable Current Status input controls the current status latch 
and the clear function of the Interrupt Inhibit flip-flop. 


24 Vcc +5 Volt Supply 


NOTE: 
(1) Active HIGH, unless otherwise noted. 
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FUNCTIONAL AND LOGICAL DESCRIPTION 


The ICU adds interrupt capability to 
suitably microprogrammed processors 
or controllers. One or more of these 
units allows external signals called 
interrupt requests to cause the pro- 
cessor/controller to suspend execution 
of the active process, save its status, 
and initiate execution of a new task 

as requested by the interrupt signal. 


It is customary to strobe the ICU at 
the end of each instruction execution. 
At that time, if an interrupt request is 
acknowledged by the ICU, the MCU is 
forced to follow the interrupt micro- 
program sequence. 


Figure 1 shows the block diagram of 
the ICU. Interrupt requests pass 
through the interrupt request latch 
and priority encoder to the magnitude 
comparator. The output of the pri- 
ority encoder is the binary equivalent 
of the highest active priority request. 
At the comparator, this value is com- 
pared with the Current Status (cur- 
rently active priority level) contained 
in the current status latch. A request, 
if acknowledged at interrupt strobe 
time, will cause the interrupt flip-flop 
to enter the ‘interrupt active’ state 
for one microinstruction cycle. This 
action causes the interrupt acknowl- 
edge (1A) signal to go low and sets the 
interrupt disable flip-flop. 


The IA signal constitutes the interrupt 
command to the processor. It can 
directly force entry into the interrupt 
service routine as demonstrated in the 
appendix. As part of this routine, the 
microprogram normally reads the re- 
questing level via the request level out- 
put bus. This information which is 
saved in the request latch can be en- 
abled onto one of the processor input 
data buses using the enable level read 
input. Once the interrupt handler has 
determined the requesting level, it 
normally writes this level back into the 
current status register of the ICU. This 
action resets the interrupt disable flip- 
flop and acts to block any further 
request at this level or lower levels. 


Entry into a macro level interrupt ser- 
vice routine may be vectored using the 
request level information to generate a 
subroutine address which corresponds 
to the level. Exit from such a macro- 

program should normally restore the 

prior status in the current status latch. 


The Enable This Level Group (ETLG) 
input and the Enable Next Level Group 
(ENLG) output can be used in a daisy 
chain fashion, as each ICU is capable 

of inhibiting interrupts from all of the 
following ICUs in a multiple ICU 
configuration. 


The interrupt acknowledge flip-flop 
is set to the active LOW state on the 
rising edge of the clock when the 
following conditions are met: 


An active request level (Rg—R7) is 
greater than the current status 
Bo—Ba 


The interrupt mode (ISE) is active 
ETLG is enabled 
The interrupt disable flip-flop is reset 


When active, the 1A signal asynchron- 
ously sets the disable flip-flop and 
holds the requests in the request latch 
until new current status information 
(Bp—Bz, SGS) is enabled (ECS) into 
the current status latch. The disable 
flip-flop is reset at the completion of 
this load operation. 


During this process, ENLG will be en- 
abled only if the following conditions 
are met: 


ETLG is enabled 


The current status (SGS) does not 
belong to this level group 


There is no active request at this level 


The request level outputs Ag—Ag and 
the |A output are open-collector to 
permit bussing of these lines in multi- 
ICU configuration. 


Rg O) 
Ry e 
Ro Cl INTERRUPT 
REQUEST 
R 
3 O LATCH 
Ry 'o & 
PRIORITY 
Re O ENCODER 
Re ©) 
R7 © 
| e 
| 
Bg O 
By O CURRENT 
STATUS 
Bo 


ISE 
CLK 


Figure 1. 3214 Block Diagram. 


REQUEST ACTIVITY 


ia 
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3214 


D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias “COMMENT: Stresses above those listed under “Absolute Maximum 

é < Ratings” may cause permanent damage to the device. This is a stress 

COMaMiCa.5$ 62h 4 dae re wg Bake A -65 Cto +75 °C rating only and functional operation of the device at these or any other 

; ) ° conditions above those indicated in the operational section of this 

Plastic ©. 6... eee eee eee ee eee OCto+75C specification is not implied. Exposure to absolute maximum ratings for 

Storage Temperature ~65°C to +160°C extended periods may affect device reliability. 

All Output and Supply Voltages........... ~0.5V to +7V 
All Input Voltages..............0000. -1.0V to +5.5V 
Output Currents... 2... 0.0.0.0... 22 ee ee eee 100 mA 


Ta = OC to +75°C, Veg = 5.0V +5% 


LIMITS 
SYMBOL PARAMETER min typ(1) max UNIT CONDITIONS 
Vc Input Clamp Voltage (all inputs) -1.0 V lc = —-5mA 
le Input Forward Current: ETLG input -.15 -0.5 mA Ve = 0.45V 
all other inputs -.08 -0.25 mA 
Ip Input Reverse Current: ETLG input 80 MA Vp =5.25V 
all other inputs 40 uA 
Vib Input LOW Voltage: all inputs 0.8 V Vcc = 9.0V 
Vin Input HIGH Voltage: all inputs 2.0 V Vcc = 9.0V 
p S C (2) 90 mA 
CC ower Supply Current 130 
VoL Output LOW Voltage: all outputs ss 45 V lo, = 15 mA 
VOH Output HIGH Voltage: ENLG output 2.4 3.0 V lon =-1 mA 
los Short Circuit Output Current: ENLG output -20 -35 ~55 mA Vcc = 5.0V 
Icex Output Leakage Current: IA and 100 uA VcEX = 5.25V 
Ag—Ap2 outputs 
NOTES: 


(Vy pical values are for Tp = 25°C and nominal supply voltage. 


(2) 0-Bo, SGS, CLK, R@-R4 grounded, all other inputs and all outputs open. 
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3214 


A.C. CHARACTERISTICS 


Ta = O°C to +75°C, Veg = +5V + 5% 


LIMITS 


SYMBOL PARAMETER MIN Typ(1) MAX UNIT 
tcy CLK Cycle Time 80 ns 
tpw CLK, ECS, 1A Pulse Width 25 15 ns 

Interrupt Flip-Flop Next State Determination: 
tiss ISE Set-Up Time to CLK 16 12 ns 
tisH ISE Hold Time After CLK 20 10 ns 
teT CS? ETLG Set-Up Time to CLK 25 12 ns 
teTCH? ETLG Hold Time After CLK 20 10 ns 
teccs? ECS Set-Up Time to CLK (to clear interrupt inhibit prior to CLK) 80 25 ns 
teccy? ECS Hold Time After CLK (to hold interrupt inhibit) ) ns 
tecrs? ECS Set-Up Time to CLK (to enable new requests through the request latch) 110 70 ns 
tecrH? ECS Hold Time After CLK (to hold requests in request latch) 0 
tecss? ECS Set-Up Time to CLK (to enable new status through the status latch) 75 70 ns 
tecsH2 ECS Hold Time After CLK (to hold status in status latch) 0 ns 
tocs2 SGS and Bg-Bo Set-Up Time to CLK (current status latch enabled) 70 50 ns 
tocH2 SGS and Bg-Bg Hold Time After CLK (current status latch enabled) 0 ns 
trcs? Rg-R7 Set-Up Time to CLK (request latch enabled) 90 55 ns 
tacy? Rg-R7 Hold Time After CLK (request latch enabled) ) ns 
tics lA Set-Up Time to CLK (to set interrupt inhibit F.F. before CLK) 55 35 ns 

CLK to 1A Propagation Delay 15 25 ns 

Contents of Request Latch and Request Level Output Status Determination: 

Rg-R7 Set-Up Time to IA 10 0 ns 
train’ Rg-R7 Hold Time After 1A 35 20 ns 
tra Rg-R7 to Ag-Az Propagation Delay (request latch enabled) 80 100 ns 
teELA ELR to Ag-Az Propagation Delay 40 55 ns 
tECA ECS to Ag-Ag Propagation Delay (to enable new requests through request latch) 100 120 ns 
teTA ETLG to Ag-Az Propagation Delay 35 70 ns 
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A.C. CHARACTERISTICS (CON’T) 


SYMBOL 


tREN 
tETEN 


tECRN 


tECSN 


NOTES: 


PARAMETER 


Contents of Current Priority Status Latch Determination: 
SGS and Bg-Bz Set-Up Time to ECS 

SGS and Bg-Bg Hold Time After ECS 

Enable Next Level Group Determination: 

R@g-R7 to ENLG Propagation Delay 

ETLG to ENLG Propagation Delay 


ECS to ENLG Propagation Delay (enabling new request through the 
request latch) 


ECS to ENLG Propagation Delay (enabling new SGS through status latch) 


(1) Typical values are for T , = 25°C and nominal supply voltage. 


(2) Required for proper operation if ISE is enabled during next clock pulse. 


(3) These times are not required for proper operation but for desired change in interrupt flip-flop. 


(4) Required for new request or status to be properly loaded. 


ae tcy =tics t+ tcl 


TEST CONDITIONS: 


Input pulse amplitude: 2.5 volts. 


Input rise and fall times: 5 ns between 1 and 2 volts. 
Output loading of 15 mA and 30 pf. 


Speed measurements taken at the 1.5V levels. 


CAPACITANCE”! 

Ta = 25°C 

SYMBOL PARAMETER 
Cin Input Capacitance 

CouT Output Capacitance 

TEST CONDITIONS: 


VeiAs = 2.5V, Vcc = SV, Ta = 25°C, f = 1 MHz 


NOTE: 


(5) This parameter is periodically sampled and not 100% tested. 
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MIN 


15 


TEST LOAD CIRCUIT 


MIN 


LIMITS 
Typ(1) 


10 


10 


45 
20 


85 


35 


30022 


6002 


LIMITS 
Typ(1) 


5 


7 


MAX 


70 


25 


90 


55 


UNIT 


ns 


ns 


ns 


ns 


ns 


ns 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 


COD Gis. sir nn eee sates -~55°C to +125°C 
Storage Temperature ................ -~65°C to +160°C 
All Output and Supply Voltages........... —0.5V to +7V 
All Input Voltages... ..........2.006. -1.0V to +5.5V 
Output Currents... 2.2.0.0... 0.00.00. ee ee ee 100 mA 


Ta= -55°C to +125°C; Voc = 5.0V + 10% 


SYMBOL PARAMETER MIN 
Ve Input Clamp Voltage (al! inputs) 
If Input Forward Current: ETLG input 
all other inputs 
IR input Reverse Current: ETLG input 
all other inputs 
Vit Input LOW Voltage: all inputs 
VIH Input HIGH Voltage: all inputs 2.0 
Icc Power Supply Current!2) 
Output LOW Voltage: all outputs 
Output HIGH Voltage: ENLG output 2.4 


Short Circuit Output Current: ENLG output -15 


Output Leakage Current: IA and 
Ag-A3 outputs 


NOTES: 


(Typical values are for Tp, = 25°C and nominal supply voltage. 


(2) 85 -Bo, SGS, CLK, Rg-Rq grounded, all other inputs and all outputs open. 


<p 


*COMMENT: Stresses above those listed under ‘‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum ratings for 
extended periods may affect device reliability. 


LIMITS 


Typ) max UNIT CONDITIONS 
-1.2 Vo Ig =-5 mA 
-15  -0.5 mA Ve = 0.45V 
-.08 -0.25 mA 
80 uA Vp = 5.5V 
40 LA 
0.8 V Veg = 5.0V 
Vi Vege = 5.0V 
90 130 mA 
3 45 Volo, = 10 mA 
3.0 V loH =-1 mA 
-35 _-56 mA Veg = 5.0V 


100 UA VcEX = 5.5V 
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A.C. CHARACTERISTICS 4a, 


ie -55°C to +125°C: Vec = 5.0V + 10% he 
LIMITS (~ 


SYMBOL PARAMETER MIN Typ(1) MAX UNIT a 
tcy CLK Cycle Time (5) 85 ns 
tpw CLK, ECS, IA Pulse Width 25 15 ns 
Interrupt Flip-Flop Next State Determination: 

tiss ISE Set-Up Time to CLK 16 12 ns 
tisH ISE Hold Time After CLK 20 10 ns 
teTCs? ETLG Set-Up Time to CLK 25 12 ns 
teTCH? ETLG Hold Time After CLK 20 10 ns 
teccs? ECS Set-Up Time to CLK (to clear interrupt inhibit prior to CLK) 85 25 ns 
teccy? ECS Hold Time After CLK (to hold interrupt inhibit) 0 ns 
tecrs? ECS Set-Up Time to CLK (to enable new requests through the request latch) 110 70 ns 
tecaH” ECS Hold Time After CLK (to hold requests in request latch) ¢) 

tecss@ ECS Set-Up Time to CLK (to enable new status through the status latch) 85 70 ns 
tecsH? ECS Hold Time After CLK (to hold status in status latch) 0 ns 
tocs2 SGS and Bg-Bo Set-Up Time to CLK (current status latch enabled) 90 50 ns 
tocH SGS and Bg-B> Hold Time After CLK (current status latch enabled) 0 ns 
tres? Rg-R7 Set-Up Time to CLK (request latch enabled) 100 55 ns 
tracy? Rg-R7 Hold Time After CLK (request latch enabled) 0 ns 
tics 1A Set-Up Time to CLK (to set interrupt inhibit F.F. before CLK) 55 35 ns 
tc] CLK to IA Propagation Delay 15 30 ns 

Contents of Request Latch and Request Level Output Status Determination: 

tris’ Rg-R7 Set-Up Time to 1A 10 0 "AS 
trin? Rg-R7 Hold Time After IA 35 20 ns 
tRA Rg-R7 to Ag-Az2 Propagation Delay (request latch enabled) 80 100 ns 
teELA ELR to Ag-Ag2 Propagation Delay 40 55 ns 
tECA ECS to Ag-Ag Propagation Delay (to enable new requests through request latch) 100 130 ns 
tETA ETLG to Ag-Apz Propagation Delay 35 70 ns 
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A.C. CHARACTERISTICS (CON’T) 


SYMBOL PARAMETER Buby 
min. typ(t) MAX 

Contents of Current Priority Status Latch Determination: 
tpecs* SGS and Bg-B2 Set-Up Time to ECS 20 10 ns 
toECH? SGS and Bg-Bg Hold Time After ECS 20 10 ns 

Enable Next Level Group Determination: 
tREN Rg-R7 to ENLG Propagation Delay 45 70 ns 
teTEN ETLG to ENLG Propagation Delay 20 30 ns 
tECRN ECS to ENLG Propagation Delay (enabling new request through the 85 110 ns 

request latch) 
tECSN ECS to ENLG Propagation Delay (enabling new SGS through status latch) 35 55 ns 
NOTES: 
(1) Typical values are for Tj, = 25°C and nominal supply voltage. 
(2) Required for proper operation if [SE is enabled during next clock pulse. 
(3) These times are not required for proper operation but for desired change in interrupt flip-flop. 
(4) Required for new request or status to be properly loaded. 
(5) toy = tics + tcl 
TEST CONDITIONS: TEST LOAD CIRCUIT Vee 
Input pulse amplitude: 2.5 volts. 
Input rise and fall times: 5 ns between 1 and 2 volts. 30082 
Output loading of 15 mA and 30 pf. 
Speed measurements taken at the 1.5V levels. ve 

30 pf 60082 
CAPACITANCE") 
Tp = 25°C 
LIMITS 
SYMBOL PARAMETER 
min typ(1) max = UNIT 

Cin Input Capacitance 5 10 pf 
CouT Output Capacitance Fi 12 pf 


TEST CONDITIONS: 
VBIAS = 2.5V, Vcc = SV, Ta = 25°C, f = 1 MHz 


NOTE: 


(5) This parameter is periodically sampled and not 100% tested. 
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intel 
3216/3226 
PARALLEL BIDIRECTIONAL BUS DRIVER 


The INTEL? 3216 is a high-speed 4-bit High Performance— 25 ns typical PACKAGE CONFIGURATION 
Parallel, Bidirectional Bus Driver. Its propagation delay 

three-state outputs enable it to isolate Low Input Load Current—0.25 mA 

and drive external bus structures maximum cs 
associated with Series 3000 systems High Output Drive Capability for DO, 
The INTEL 3226 is a high-speed 4-bit Driving System Data Busses DBo 
Parallel, Inverting Bidirectional Bus Three-State Outputs Dlg 
Driver. Its three-state outputs enable TTL Compatible DO, 
it to isolate ane sciNe pelle bus 16-pin DIP De, 
structures associated with Series 3000 

systems. eel 


GND 


The 3216/3226 driver and receiver gates 
have three state outputs with PNP 
inputs. When the drivers or receivers 
are tri-stated the inputs are disabled, 
presenting a low current load, typically 


3216 


less than 40 pamps, to the system bus . 
structure. DOg 
DBy 
Dig 
DO, 


GND 


3226 


LOGIC DIAGRAM 3216 LOGIC DIAGRAM 3226 
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D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 


GRAIG sc oe once tess a a an Ga ed ~65°C to +75°C *COMMENT: Stresses above those listed under “Absolute Maximum 

; a é Ratings’’ may cause permanent damage to the device. This is a stress 

PIGSUC was ante We beens mod hae a ee OCto+75C rating only and functional operation of the device at these or any other 

re ° conditions above those indicated in the operational section of this 

, = + 
Storage Temperature ................ 65 C to +160 C specification is not implied. Exposure to absolute maximum ratings for 
Alt Output and Supply Voltages. _... ~0.5V to +7V extended periods may affect device reliability. 

All Input Voltages................0.. -1.0V to +5.5V 
Output Currents... 2.0... ....0 0.000 ee eee 125 mA 


Ta = O°C to +75°C, Voc = +5.0V 45% 


Limit 
Symbol Parameter Min. Typ. Max. Unit Condition 
le Input Load Current 
DCE, CS Inputs -0.15 -0.5 mA Ve =0.45V 
All Other Inputs -0.08 ~0.25 mA 
IR Input Leakage Current 
DCE, CS Inputs 80 HA Vr = 5.25V 
DI Inputs 40 UA 
Ve Input Clamp Voltage -1 V Ic = -5mA 
VIL Input Low Voltage 0.95 V Vec = 5.0V 
ViW Input High Voltage 2.0 V Vcc = 5.0V 
Vout Output Low Voltage 0.3 0.45 V DO Outputs Io, =15mA 
DO, DB Outputs DB Outputs Io, =25mA 
VoL2 Output Low Voltage 0.5 0.6 V DB Outputs lo, = 50mA 


DB Outputs Only 


VOH1 Output High Voltage 3.65 4.0 V lon=-1mA 
DO Outputs Only 
VoH2 Output High Voltage 2.4 3.0 V lon=-10mA 
DB Outputs Only 
Isc Output Short Circuit Current 
DO Outputs -15 -35 -65 mA Vec = 5.0V 
DB Outputs -30 -75 -120 mA 
| lo | Output Leakage Current 
High Impedance State 
DO Outputs 20 uA Vo = 0.45V/Vec 
DB Outputs 100 uA 
lec Power Supply Current 3216 95 130 mA 
3226 85 120 mA 


NOTE: Typical values are for T, = 25°C 
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3216, 3226 


eect ee i ee ae SS See 


A.C. CHARACTERISTICS Ta = 0°C to +75 C, Vcc = +5.0V 45% 


nN rp 


Limit 
Symbol Parameter Min. Typ. Max. Unit Condition 
Tep1 Input to Output Delay 3216 15 25 ns C,.=30pF, Ry=30022, 
DO Outputs 3226 14 25 R»=60022 
Tpp2 Input to Output Delay 3216 19 30 ns C,=300pF, R1=902, 
DB Outputs 3226 16 25 R2=1802 
TE Output Enable Time 3216 42 65 ns(2) DO Outputs: Cy =30pF, 
DCE, CS 3226 36 54 R,=30022/10KQ, 
R2=60082/1 KQ 
DB Outputs: C_=300pF, 
R ,=902/10KQ, 
R5=1802/1KQ2 
Ty Output Disable Time 16 35 ns(2) DO Outputs: C, =5pF, 
DCE, CS R,=3002/10KQ, 


R»=6002/1KQ 


DB Outputs: C_ =5pF, 
R,=902/10K22, 
R5=1802/1K2 


ae Ne OU 


NOTE: (1) Typical values are for Tq = 25°C and nominal supply voltage. 


(2) The test load circuit is set for worst case source and sink loading on the outputs. The two resistor values for R1 and R2 correspond to 
worst case sink and source loading, respectively. 


CAPACITANCE”) Tg = 25°C 
cee a ee eee TEST CONDITIONS: 


Limit 
Symbol Parameter Min. Typ. Max. Unit pu pulse api Suge Obes 
Bi IR eae secede I nena thee A ee Input rise and fall times of 5 ns between 1 and 2 volts. 
Cin Input Capacitance 4 6 pF Output loading is 5 mA and 10 pF. 
Cour Output Capacitance Speed measurements are made at 1.5 volt levels. 
DO Outputs 6 10 pF Vee 
DB Outputs 13 18 pF TEST LOAD CIRCUIT: 


Note: 

(2) This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1MHz, Vgias = 2.5V, 
Vcc = 5.0V and Ta = 25°C. 


WAVEFORMS 


INPUTS 1.5V 


OUTPUT 1.5V 
ENABLE 


OUTPUTS 1.5V 


0.5V 
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M3216, M3226 ty 
D.C. AND OPERATING CHARACTERISTICS | % 


ABSOLUTE MAXIMUM RATINGS* 4 Day 


Temperature Under Bias “COMMENT: Stresses above those listed under “Absolute xine ly 
. . Ratings” may cause permanent damage to the device. This is a stress a 
COLAC <r) 4 A-ait 82S ate ea ee eee -65 Cto+/75C rating only and functional operation of the device at these or any other 
° ° conditions above those indicated in the operational section of this 
GaSe tere eh hey = + Edie aos, ; ' 
Storage Temperature ...... 65 C to +160 C specification is not implied. Exposure to absolute maximum ratings for 
All Output and Supply Voltages......... -~0.5V to +7V extended periods may affect device reliability. 
All Input Voltages................... -1.0V to +5.5V 
Output Currents. ........... 0000 c ee eee eae 125 mA 


Ta = -55°C to +125°C, Vcc = +5.0V +10% 


Limit 
Symbol Parameter Min. Typ. Max. Unit Condition 
T= Input Load Current 
DCE, CS Inputs -0.15 -0.5 mA Ve =0.45V 
All Other Inputs -0.08 -0.25 mA 
Ir Input Leakage Current 
DCE, CS Inputs 80 LA VR =5.5V 
DI Inputs 40 UA 
Vc Input Clamp Voltage -1.2 V Ic = -5mA 
Vit Input Low Voltage M3216 0.95 V Vec = 5.0V 
M3226 0.90 V 
VIH Input High Voltage 2.0 V Vcc = 5.0V 
Vou! Output Low Voltage 0.3 0.45 V DO Outputs Io, =15mA 
DO, DB Outputs DB Outputs Ion, =25mA 
VoL2 Output Low Voltage 0.5 0.6 V DB Outputs I,, = 45mA 
DB Outputs Only 
VouH1 Output High Voltage 3.4 3.8 V loH=-0.5mA 
DO Outputs Only 
VoH2 Output High Voltage 2.4 3.0 V lon =-5mA 
DB Outputs Only 
Isc Output Short Circuit Current 
DO Outputs -15 -35 -65 mA Vcc = 5.0V 
DB Outputs -30 -75 -120 mA 
| lo | Output Leakage Current 
High Impedance State 
DO Outputs 20 UA Vo =0.45V/Vec 
DB Outputs 100 LA 
Icc Power Supply Current M3216 95 130 mA 
M3226 85 120 mA 


NOTE: Typical values are for Ty, = 25°C 
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M3216, M3226 


A.C. CHARACTERISTICS 1, =-55°C to +125°C, Vcc = 5.0V +10% l% A) 
Limit r 


Symbol Parameter Min. Typ. Max. Unit Condition &y 
Tep1 Input to Output Delay 15 25 ns CL =30pF, R;y=30022, d 
DO Outputs R2=60022 
Tpp2 Input to Output Delay M3216 19 33 ns C, =300pF, R,=902, 
DB Outputs M3226 16 25 R2=18022 
TE Output Enable Time M3216 42 75 ns(2) DO Outputs: Cy =30pF, 
M3226 36 62 R,=3002/10KQ, 


R5=6002/1KQ 


DB Outputs: Cy =300pF, 
R14=902/10KQ, 
Ro=1802/1KQ 


Tp Output Disable Time M3216 16 40 ns(2) DO Outputs: C_=5pF, 
M3226 16 38 R,=3002./10KQ, 
R5=6002/1KQ 


DB Outputs: C, =5pF, 
R,=900/10KQ2, 
R5=1802/1KQ 


NOTE: (1) Typical values are for Tq = 25°C and nominal supply voltage. 


(2) The test load circuit is set for worst case source and sink loading on the outputs. The two resistor values for R1 and R2 correspond to 
worst case sink and source loading, respectively. 


CAPACITANCE?) T, = 25°C 


Limit TEST CONDITIONS: 


Cin Input Capacitance 4 6 pF Input rise and fall times of 5 ns between 1 and 2 volts. 
—_ Output loading is 5 mA and 10 pF. 


Cout Output Capacitance Speed measurements are made at 1.5 volt levels. 
DO Outputs 6 10 pF 
DB Outputs 13. 18 pF 
eS eee Vv 
ae TEST LOAD CIRCUIT: = 
ote: 
(2) This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1MHz, Vetas = 2.5V, Ry 
Vcc = 5.0V and Ta = 25°C. 
OUT 
WAVEFORMS 
Cy Ro 
INPUTS 1.5V 
‘pd | GND 
OUTPUT 1.5V 


ENABLE 


OUTPUTS 1.5V | 
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MICROCOMPUTER SYSTEMS 


INTRODUCTION 


Single Board Computers provide all the resources of a full computer (i.e., CPU, Read/Write Memory, Read 
Only Memory, Parallel 1/0, and Serial |/O) on a single PC board. Intel’s System 80/10 and System 80/20 
extend these capabilities into a low-cost, fully packaged, RETMA rack-mountable computer. Both the 
Single Board Computers and packaged Systems are supported by a complete line of memory and 1/O 
expansion boards, peripheral and DMA controllers, prototyping packages, modular backplane/cardcages, 
and power supplies. 


For those applications with unique requirements, unsuited for the standard SBC 80 and System 80 
products, Intel offers complete custom design, assembly, and test capability. 


TABLE OF CONTENTS 


Single Board Computers 
SBC 80/10 Single Board Computer... 2... ee eee ee eee te ete tee tenes 12-3 
SBC 80/20 Single Board Computer... 6... eee ee eet te ee ee es 12-7 
Packaged Computers 
System S0/10:.4.d:styw hia Se ee Raa dee MAAR EIS EEA ER LOR RARER Wire REE RE ES 12-13 
SC tc 0) 8a a oa rec ee ee 12-18 


Memory and |/O Expansion Boards 


SBC 016 16K Byte RAM Memory Board... 2... - eee ee eee ee ee tes 12-24 
SBC 104/108/116 Combination Memory and I/O Expansion Board .. 1... - eee eee eee tee ett 12-26 
SBC 416 16K PROM Expansion Board ... 0... cee ee ee ee ee eee ee ee ees 12-30 
SBC 508 1/0 Expansion Board... 0.0... cc ee eee ee ee eee eee tee eee 12-32 
SBC 517 Combination 1/O Expansion Board... 6... ee ee eee eee et et ees 12-34 
SBC 519 Programmable 1/O Expansion Board... 1.6... eee ee ee ees 12-38 


Peripherals and Controllers 


SBC 201 Diskette Controller... 0... ce ee tee tee ee rete eee eee EE Re ee 12-42 
SBC 211/212 Diskette Hardware System... 6... ee en ees 12-45 
SBC 501 Direct Memory Access Controller... 0... 0 ee ee eee ee ee ee es 12-48 


Prototyping Packages and Accessories 


SBC 80P Prototype Package . 2... eee ee Ee es 12-51 
SBC 80P20 Prototype Package... 1. ee et es 12-54 
SBC 530 Teletypewriter Adapter... 2... ee te eee es 12-57 
SBC 604/614 Modular Backplane and Cardcage. ... 2... ee es 12-59 
SBC 630 Power Supply. 2.0... ee eee eee eee eee et eee eee ees 12-61 
SBC 635 Power SUDDIV: 640 sak ee eae ee tie Wee sae Mie oP ne eee PRA ee eee Eee ee eee 12-63 


12-2 


intel 


SBC 80/10 SINGLE BOARD COMPUTER 


8080A Central Processing Unit Programmable Synchronous/Asynchronous com- 
munications interface with selectable teletype- 

1 K bytes of read/write memory writer or RS232C compatibility 

Sockets for 4K bytes of programmable or masked Six interrupt request lines 


read-only memory Bus drivers for memory and 1/O expansion 
48 programmable parallel I/O lines with sockets for Compatible with optional memory and 1/O expan- 
interchangeable line drivers and terminators sion boards. 


The SBC 80/10 is a member of Intel’s complete line of OEM computer systems which take full advantage of Intel’s LS! 
technology to provide economical, self-contained computer based solutions for OEM applications. The SBC 80/10 is a com- 
plete computer system on a single 6.75-by-12 inch printed circuit card. The CPU, system clock, read/write memory, non- 


volatile read-only-memory, !/O ports and drivers, serial communications interface, bus control logic and drivers all reside on 
the board. 


Intel’s powerful 8-bit n-channel MOS 8080A CPU, fabricated on a single LSI chip, is the central processor for the SBC 80/10. 
The 8080A contains six 8-bit general purpose registers and an accumulator. The six general purpose registers may be ad- 
dressed individually or in pairs providing both single and double precision operators. 


The 8080A has a 16-bit program counter which allows direct addressing of up to 64K bytes of memory. An external stack, 
located within any portion of read/write memory, may be used as a last in/first out stack to store the contents of the program 
counter, flags, accumulator and all of the six general purpose registers. A sixteen bit stack pointer controls the addressing of 
this external stack. This stack provides subroutine nesting that is bounded only by memory size. 


The SBC 80/10 contains 1K bytes of read/write memory using Intel® 8111 low power static RAM. All on-board RAM read 
and write operations are performed at maximum processor speed. Sockets for up to 4K bytes of non-volatile read-only 
memory are provided on the board. Read only memory may be added in 1K byte increments using Intel 8708 erasable 
and electrically reprogrammable ROMs (EPROMs) or Intel 8308 masked ROMs. All on-board ROM read operations are 
performed at maximum processor speed. 


a 
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The SBC 80/10 contains 48 programmable parallel |/O lines 
implemented using two Intel 8255 Programmable Peri- 
pheral Interfaces. The system software is used to configure 
the 1/O lines in any combination of unidirectional input/ 
output, and bi-directional ports indicated in Table 1. There- 
fore, the |/O interface may be customized to meet specified 
peripheral requirements. In order to take full advantage of 
the large number of possible !/O configurations, sockets are 
provided for interchangeable 1/O line drivers and termina- 
tors. Hence, the flexibility of the 1/O interface is further 
enhanced by the capability of selecting the appropriate 
combination of optional line drivers and terminators to pro- 
vide the required sink current, polarity, and drive/termina- 
tion characteristics for each application. The 48 program- 
mable 1!/O lines and signal ground lines are brought out to 
two 50 pin edge connectors that mate with flat-cable or 
round-cable. 


A programmable communications interface using Intel’s 
8251 Universal Synchronous/Asynchronous Receiver/ 
Transmitter (USART) is contained on the board. A jumper 
selectable baud rate generator provides the USART with all 
common communications frequencies. The USART can be 
programmed by the system software to select the desired 
asynchronous or synchronous serial data transmission tech- 
nique (including 1BM Bi-Sync). The mode of operation (i.e. 
synchronous or asynchronous), data format, control char- 
acter format, parity, and asynchronous transmission rate 
are all under program control. The 8251 provides full du- 
plex, double buffered transmission and receive capability. 
Parity, overrun, and framing error detection are all incorpo- 
rated in the USART. The inclusion of jumper selectable 
TTY or RS232C compatible interfaces on the board, in 
conjunction with the USART provide a direct interface to 
teletypes, CRTs, RS232 compatible cassettes, asynchronous 
and synchronous modems. The RS232C or TTY command 
lines, serial data lines, and signal ground lines are brought 
out to a 25-pin edge connector that mates with RS232C 
compatible flat or round cable. 


Interrupt requests may originate from six sources. Two 
jumper selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interface when a 
byte of information is ready to be transferred to the CPU 
(i.e. input buffer is full) or a byte of information has been 
transferred to a peripheral device (i.e. output buffer is 


PORT | NO. OF LINES 


TABLE 1 


MODE OF OPERATION 
[ap 


LATCHED — aa LATCHED & 
UNLATCHED STROBED oe STROBED 


empty). Two jumper selectable interrupt requests can be 
automatically generated by the USART when a character is 
ready to be transferred to the CPU (i.e. receive channel 
buffer is full) or a character is ready to be transmitted (i.e. 
transmit channel data buffer is empty). These four inter- 
rupt request lines are all individually maskable under pro- 
gram control. Two interrupt request lines may be interfaced 
directly to user designated peripheral devices; one via the 
system bus and the other via the |/O edge connector. The 
six interrupt request lines share a single CPU interrupt level. 
When an interrupt request is recognized, a RESTART 7 
instruction is generated. The processor responds by sus- 
pending program execution and executing a user defined 
interrupt service routine originating at location 38,6 


SBC 80 memory and I/O capacity may be increased by add- 
ing standard Intel memory and 1/O boards. Memory may be 
expanded to 64K bytes by adding user specified combina- 
tions of SBC-016 16K RAM boards, SBC-416 16K PROM 
boards, and SBC-406 6K PROM boards. Input/output 
capacity may be increased to 504 input lines and 504 out- 
put lines using SBC-508 1/O boards, containing 32 input 
lines and 32 output lines per board. Memory and 1/0 may 
be increased simultaneously by adding an SBC-104 board 
containing 4K bytes of RAM, sockets for 4K bytes of 
PROM, 48 programmable 1/O lines and a USART. Modular 
expandable backplanes and card cages, with a four-board 
capacity, are available to support multi-board systems. 


The development cycle of SBC 80/10 based procucls may 
be significantly reduced using the Intellec® Microcom- 
puter Development System. The resident macro- -assembler, 
text editor, and system monitor greatly simplify the design, 
development, and debug of SBC 80/10 system software. An 
optional Diskette Operating System allows programs to be 
loaded, assembled, edited, and executed faster than using 
conventional paper tape, card, or cassette peripherals. A 
unique In-Circuit Emulator (1CE-80) option provides the 
capability of developing and debugging software directly on 
the SBC-80/10. 


Intel’s high-level programming language, PL/M, provides the 
capability to program in a natural, algorithmic language and 
eliminates the need to manage register usage or allocate 
memory. PL/M programs can be written in a much shorter 
time than assembly language programs. 


INPUT/OUTPUT PORT MODES OF OPERATION 


[| OUTPUT __| gipiRECTIONAL CONTROL 


1. Note: Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 


strobed output or Port 1 is used asa bidirectional port. 
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SPECIFICATIONS 


WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 
CYCLE TIME 
Basic Instruction Cycle: 1.95 usec 
Note: Basic instruction cycle is defined as the fastest 
instruction (i.e. four clock cycles) 
MEMORY ADDRESSING 
On-Board ROM/PROM: O-—OFFF 
On-Board RAM: 3C00-3F FF 
MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 1K bytes 
Off-Board Expansion: Up to 65,536 bytes using user 
specified combinations of RAM, ROM, and PROM 
Note: ROM/PROM may be added in 1K byte increments. 
I/O ADDRESSING 
On-Board Programmable !/O (See Table 1) 


8255 No. 1} 8255 No. 2 ; 
jie ea ae USART | USART 
o. oO. 

fs ]a]s[a]se [et Control Data |Contro 
[Adcressfea]es|esfesjes/ea] ev | es | ec | eo | 


1/0 CAPACITY 
Parallel: 48 programmable lines (See Table 1) 


Note: Expansion to 504 input and 504 output lines can be accom- 


plished using optional 1/O boards. 
SERIAL BAUD RATES 


Frequency (KHz) 


Baud Rate (Hz) 


Asynchronous 


(Jumper Synchronous (Program 
Selectable) Selectable) 


716 +64 


19200 4800 
9600 2400 
4800 1200 
2400 600 
1200 300 

600 150 
300 75 
— 110 


SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 
5—8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 
Asynchronous: 
5—8 bit characters 
Break character generation 
1, 1-1/2, or 2 stop bits 
False start bit detectors 


INTERRUPTS 

Single-level with on-board logic that automatically vectors 
processor to location 384g using RESTART 7 instruction. 
Interrupt requests may originate from user specified !/O (2) 
the programmable peripheral interface (2), or USART (2). 


INTERFACES 
Bus: All signals TTL compatible 
Parallel 1/0: All signals TTL compatible 
Serial 1/O: RS232C, or a 20 mil current loop TTY inter- 
face (jumper selectable) 
Interrupt Requests: All TTL compatible (active low) 


SYSTEM CLOCK 
2.048 MHz +0.1% 


CONNECTORS 


Centers 


Interface . 
(in.) 


Mating Connectors 


Bus 0.156 CDC VPBO1E43D00A1 Wire-Wrap 
Parallel 0.1 3M 3415-000 Flat 
1/O (2) : or Ti H312125 Pins 


Serial 0.1 3M 3462-0001 Flat 
1/O , or AMP 88106-1 Flat 


PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48cm) Depth: 0.50 in.(1.27 cm) 
Height: 6.75in.(17.15cm) Weight: 14 0z. (484.4 gm) 


ELECTRICAL CHARACTERISTICS 


DC Power: w/o PROM! with PROM2 
Vec = +5 +5% lec = 2.9A max 4.0A 
Vpp = +12 45% = Ipp=140mAmax 400mA 
Veep =—-5V +5% ~=Ipp = 2 mA max 200 mA 


Vana = —-12V +5% Ipaa = 175 mA max 175 mA 


Notes: 1. Does not include power required for optional PROM, !/O 
drivers, and !/O terminators. 


2. With four 2708 PROMs and ten 220/3302 resistor packs 
installed, all low. 
LINE DRIVERS AND TERMINATORS 
1/O Drivers: 
The following line drivers and terminators are all com- 
patible with the I/O driver sockets on the SBC 80/10. 


Characteristic 


Sink Current (ma) 


Note: | = inverting, N.1. = non-inverting, O.C. = open collector. 


Port 1 has 25 nA totem pole drivers and 1 kQ terminators. 
1/0 Terminators: 
Terminators: 22002/330Q divider or 1 kQ pull up 


+5 
22022 
22082/3302 SBC-901 OPTION 
33082 


1KQ2 


1KQ $5 AO SBC 902 OPTION 
Bus Drivers: 


Function 


Data Tri-State 


Address Tri-State 
Commands Tri-State 


ENVIRONMENTAL 
Operating Temperature: 0°C to 55°C 


COMPATIBLE BOARDS 
SBC-016 16K byte RAM 
SBC-406 6K byte PROM 
SBC-416 16K byte PROM 
SBC-508 32 input lines/32 output lines 
SBC-104 4K byte RAM, 4K byte PROM, 
48 prog. 1/0 lines, USART 


SBC 80/10 


RS 232C 
COMPATIBLE 
DEVICE TTY 
SERIAL iti USER DESIGNATED 
CONTROL DATA DATA CONTROL PERIPHERALS 
INTERFACE INTER- INTER- INTERFACE 
FACE FACE ct 
1 48 PROGRAMMABLE 
INTERRUPT PARALLEL 1/0 LINES 
nS 2ze REQUEST 


INTERFACE LINE 


DRIVER/TERMINATOR 
INTERFACE 


JUMPER 2 INTERRUPT 
SELECTABLE REQUEST 


4K x 8 PROGRAMMABLE 
Beyer oA eIONE PROGRAMMABLE 1K x8 
PERIPHERAL RAM 
MEMORY INTERFACE NTERFACE MEMORY 
(SOCKETS) (USART) : 


2 INTERRUPT 
REQUEST 


BUS INTERRUPT 
REQUEST LINE 


ADDRESS BUS BUS MEMORY 
DATA BUS AND 
/O 
EXPANSION 


1. Interrupts originating from the Programmable Communications Interface and Programmable Peripheral Interface are jumper selectable. 


SBC 80/10 BLOCK DIAGRAM 
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intel 
SBC 80/20 SINGLE BOARD COMPUTER 


8080A CPU Full Multi-Master Bus control logic which allows 
up to 16 masters to share system bus 

2K bytes static read/write memory 
Eight-level programmable interrupt control 

Sockets for 4K bytes of erasable reprogrammable 


or masked Read-Only-Memory Two programmable 16-bit BCD and binary timers 
48 programmable parallel 1/O lines with sockets for Auxiliary power bus, memory protect, and Power- 
interchangeable line drivers and line terminators Fail Interrupt control logic provided for battery 


back-up RAM requirements 
Programmable synchronous/asynchronous RS232C 
compatible serial interface with fully software- Compatible with optional memory and I/O expan- 
selectable baud rate generation sion boards 


The SBC 80/20 is a member of Intel’s complete line of OEM computer systems which take full advantage of Intel’s LSI tech- 
nology to provide economical, self-contained computer based solutions for OEM applications. The SBC 80/20 is a complete 
computer system on a single 6.75 X 12-inch printed circuit card. The CPU, system clock, read/write memory, nonvolatile 
read-only-memory, I/O ports and drivers, serial communications interface, priority interrupt logic, two programmable timers, 
multi-master bus control logic, and bus expansion drivers all reside on the board. 


Intel’s powerful 8-bit n-channel MOS 8080A CPU, fabricated on a single LSI chip, is the central processor for the SBC 
80/20. The 8080A contains six 8-bit general-purpose registers and an accumulator. The six general-purpose registers may be 
addressed individually or in pairs, Providing both single and double precision operators. Minimum instruction execution time 
is 1.86 psec. 


The 8080A has a 16-bit program counter which allows direct addressing of up to 65,536 bytes of memory. An external stack, 
located within any portion of read/write memory, may be used as a last-in/first-out storage area for the contents of the 
Program counter, flags, accumulator, and all of the six general-purpose registers. A 16-bit stack pointer controls the address- 
ing of this external stack. This stack provides subroutine nesting that is bounded only by memory size. 


eee 
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SBC 80/20 


The SBC 80/20 contains 2K bytes of read/write memory 
using Intel® low-power static RAM. All on-board RAM 
read and write operations are performed at maximum 
processor speed. Power for on-board RAM memory its pro- 
vided on an auxiliary power bus, and memory protect logic 
is included, for battery back-up RAM _ requirements. 
Sockets for up to 4K bytes of nonvolatile read-only-memory 
are provided on the board. Read-only-memory may be 
added in 1K byte increments using Inte! 8708 Erasable 
and Electrically Reprogrammable ROMs (EPROMs) or 
Intel 8308 Masked ROMs. All on-board ROM read opera- 
tions are performed at maximum processor speed. 


The SBC 80/20 contains 48 programmable parallel 1/O lines 
implemented using two Intel 8255 Programmable Periph- 
eral interfaces. The system software is used to configure the 
1/O lines in any combination of the undirectional input/ 
output, and bidirectional ports indicated in Table 1. There- 
fore, the I/O interface may be customized to meet specified 
peripheral requirements. In order to take full advantage of 
the large number of possible !/O configurations, sockets are 
provided for interchangeable {/O line drivers and termi- 
nators. Hence, the flexibility of the |/O interface is further 
enhanced by the capability of selecting the appropriate 
combination of optional line drivers and terminators to 
provide the required sink current, polarity, and drive/ 
termination characteristics for each application. The 48 
programmable I/O lines and signal ground lines are brought 


out to two 50-pin edge connectors that mate with flat, 
woven, or round-cable. 

A programmable communications interface using Intel’s 
8251 Universal Synchronous/Asynchronous Receiver/ 
Transmitter (USART) is contained on this board. A soft- 
ware selectable baud rate generator provides the USART 
with all common communications frequencies. The USART 
can be programmed by the system software to select the 
desired asynchronous or synchronous serial data transmis- 
sion technique (including IBM Bi-Sync). The mode of 
operation (i.e., synchronous or asynchronous), data format, 
control character format, parity, and baud rate are all under 
program control. The 8251 provides full duplex, double- 
buffered transmit and receive capability. Parity, overrun, 
and framing error detection are all incorporated in the 
USART. The RS232C compatible interface on the board, 
in conjunction with the USART, provides a direct interface 
to RS232C compatible terminals, cassettes, and asynchro- 
nous and synchronous modems. The RS232C command 
lines, serial data lines, and signal ground line are brought 
out to a 26-pin edge connector that mates with RS232C 
compatible flat or round-cable. 


The SBC 530 Teletypewriter Adapter provides an optically 
isolated interface for those systems requiring a 20 mA 
current loop. The SBC 530 may be used to interface the 
SBC 80/20 to teletypewriters and other 20 mA current 
loop equipment. 


RS232C 
COMPATIBLE 
DEVICE 


! 


CONTROL 
INTERFACE 


RS232C 
INTERFACE 


PROGRAMMABLE 


COMMUNICATION 
4K x8 ene : 


2K X8 PROGRAMMABLE INTERFACE 
OMEGA: RAM BAUD RATE (USART) 
MEMORY GENERATOR 


(SOCKETS) 


USER DESIGNATED 
PERIPHERALS 

48 PROGRAMMABLE 

PARALLEL I/O LINES 


u 


DRIVER 
TERMINATOR 


SERIAL 
DATA 
INTERFACE 


POWER. FAIL 8 INTERRUPT INTERFACE 
INTERRUPT REQUEST 
LINES 5 
2 INTERRUPT PROGRAM- 
MABLE 


REQUEST LINES 


Ea. os) 


8080A CPU 


INTER- 
RUPT 
CON- 

TROLLER 


ai ee 


(| procRaMMABLe 


4 INTERRUPT PERIPHERAL 
INTERFACE 


2 
PROGRAMMABLE 
TIMERS 


9 INTERRUPT 
REQUEST LINES 
MULTI-MASTER [7 ADDRESS BUS 


BUS 


ARBITRATION 
LOGIC 


DATA BUS 
CONTROL BUS 


SBC 80/20 BLOCK DIAGRAM 


12-8 


SBC 80/20 


The SBC 80/20 is a full computer on a single board with 
resources capable of supporting the majority of OEM sys- 
tem requirements. For those applications requiring addi- 
tional processing capacity and the benefits of multiprocess- 
ing (i.e., several CPUs and/or controllers logically share 
system tasks with communication. over the system bus), the 
SBC 80/20 provides full bus arbitration control logic. 


This control logic allows up to four SBC 80/20’s or high- 
speed controllers to share the system bus in serial (daisy 
chain) priority fashion, and up to 16 masters may share 
the system bus with the addition of an external priority 
network. Once bus control is attained, a bus band width of 
up to 5 Mbytes/sec may be achieved. 


The bus controller provides its own clock which is derived 
independently from the processor clock. This allows dif- 
ferent speed controllers to share resources on the same bus, 
and transfers via the bus proceed asynchronously. Thus, 
transfer speed is dependent on transmitting and receiving 
devices only. This design prevents slow master modules 
from being handicapped in their attempts to gain control of 
the bus, but does not restrict the speed at which faster 
modules can transfer data via the same bus. Once a bus 
request is granted, single or multiple read/write transfers 
can proceed at a maximum rate of 5 million data words per 
second. The most obvious applications for the master- 
slave capabilities of the bus are multiprocessor configura- 
tions, high-speed direct-memory-address (DMA) operations 
and high-speed peripheral control, but are by no means 
limited to these three. 


The SBC 80/20 provides three fully programmable and 
independent BCD and binary 16-bit interval timers/event 
counters utilizing an Intel 8253 Programmable Interval 
Timer. Two of these timers/counters are available to the 
systems designer to generate accurate time intervals under 
software control. Routing for the outputs and gate/trigger 
inputs of each of these counters is jumper-selectable. Each 
may be independently routed to the programmable inter- 
rupt controller, the !/O line drivers and terminators, or 
outputs from the 8255 Programmable Peripheral Interfaces. 
The third interval timer in the 8253 provides the program- 
mable baud rate generator for the SBC 80/20 RS232C 
USART serial port. 


In utilizing the SBC 80/20, the systems designer simply 
configures, via software, each timer independently to meet 
system requirements. Whenever a given time delay or count 
is needed, software commands to the programmable timers/ 
event counters select the desired function. Five functions 
are available, as shown in Table 2. The contents of each 
counter may be read at any time during system operation 
with simple READ operations for event counting applica- 
tions, and special commands are included so that the con- 
tents of each counter can be used “‘on the fly”. 


An Intel 8259 Programmable Interrupt Controller (PIC) 
provides vectoring for eight interrupt levels. As shown in 
Table 3, a selection of four priority processing modes is 
available to the systems designer so that the manner in 
which requests are processed may be configured to match 
system requirements. Operating mode and priority assign- 


TABLE 1 
INPUT/OUTPUT PORT MODES OF OPERATION 


MODE OF OPERATION 
UNIDIRECTIONAL 


PORT | NO. OF LINES INPUT OUTPUT 
LATCHED & 
UNLATCHED | STROBED 


LATCHED 


BIDIRECTIONAL 


LATCHED & 
STROBED 


CONTROL 


NOTES: 1. Part of Port 3 must be used as a contro! port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 
strobed output port or Port 1 is used as a bidirectional port. 


2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 
strobed output port or Port 4 is used as a bidirectional port. 
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TABLE 2 
PROGRAMMABLE TIMER FUNCTIONS 


FUNCTION OPERATION 


Interrupt on When terminal count is reached, an 
Terminal Count interrupt request is generated. This 
function is extremely useful for 
generation of REAL-TIME CLOCKS. 


Output goes low upon receipt of an 
external trigger edge or software 
command and returns high when 
terminal count is reached. This func- 
tion is retriggerable. 


Programmable 
One-Shot 


Divide by N counter. The output will 
go low for one input clock cycle, and 
the period from one low-going pulse 
to the next is N times the input clock 
period. 


Rate Generator 


Output will remain high until one- 
half the count has been completed, 
and go low for the other half of the 
count. 


Square-Wave 
Rate Generator 


On a jumper-selectable basis, the 
clock input becomes an input from 
the external system. CPU may read 
the number of events occurring after 
the counting ‘“‘window” has been 
enabled or an interrupt may be gen- 
erated after N events occur in the 
system. 


Event Counter 


ments may be reconfigured dynamically via software at any 
time during system operation. The PIC accepts interrupt 
requests from the programmable parallel and serial 1/O 
interfaces, the programmable timers, the system bus, or 
directly from peripheral equipment. The PIC then deter- 
mines which of the incoming requests is of the highest 
priority, determines whether this request is of higher pri- 
ority than the level currently being serviced, and if appro- 
priate, issues an interrupt to the CPU. Any combination of 
interrupt levels may be masked through storage via soft- 
ware, of a single byte to the Interrupt Mask Register of the 
PIC. 


The PIC generates a unique memory address for each inter- 
rupt level. These addresses are equally spaced at intervals 
of 4 or 8 (software selectable) bytes. This 32 or 64-byte 
block may be located to begin at any 32 or 64-byte bound- 
ary in the 65,536 byte memory space. A single 8080 
JUMP instruction at each of these addresses then provides 
linkage to locate each interrupt service routine independ- 
ently anywhere in memory. 


Interrupt requests may originate from 26 sources. Four 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interface when a 
byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a byte of information has been 
transferred to a peripheral device (i.e., output buffer is 
empty). Two jumper-selectable interrupt requests can be 
automatically generated by the USART when a character 
is ready to be transferred to the CPU (i.e., receive channel 


buffer is full), or a character is ready to be transmitted (i.e., 
transmit channel data buffer is empty). A jumper- 
selectable request can be generated by each of the pro- 
grammable timers. Nine additional interrupt request lines 
are available to the user for direct interfaces to user desig- 
nated peripheral devices via the system bus, and eight 
interrupt request lines may be jumper routed directly from 
peripherals via the parallel 1/O driver/terminator section. 


Control logic is also included for generation of a Power-Fail 
Interrupt which works in conjunction with the AC-low 
signal from SBC 635 Power Supply or equivalent. 


SBC 80 memory and 1!/O capacity may be increased by 
adding standard Intel memory, 1/0, and combination 
expansion boards. Memory may be expanded to 65,536 
bytes by adding user-specified combinations of SBC 016 16K 
RAM boards, SBC 416 16K PROM boards, and SBC 406 
6K PROM boards. Input/output capacity may be increased 
to 504 input lines and 504 output lines using SBC 508 1/O 
boards, containing 32 input lines and 32 output lines per 
board. Memory and 1/O may be increased simultaneously 
by adding an SBC 104 or SBC 108 Combination Board 
containing 4K bytes of RAM (8K bytes for SBC 108), 
sockets for 4K bytes of PROM, 48 programmable 1/O lines, 
and an RS232C USART serial port. SBC 604 and SBC 614 
Modular Expandable Backplanes and Cardcages, with a 4- 
board capacity, are available to support multiboard systems. 


The development cycle of SBC 80/20 based products may 
be significantly reduced using the Intellec® Microcomputer 
Development System. The resident macro-assembler, text 
editor, and system monitor greatly simplify the design, 
development, and debug of SBC 80/20 system software. 
An optional Diskette Operating System provides a relocat- 
ing macro assembler, relocating loader and linkage editor, 
and a library manager. A unique In-Circuit Emulator 
(1CE-80™) option provides the capability of developing 
and debugging software directly on the SBC 80/20. 


Intel’s high-level programming language, PL/M, is also 
available as a resident Intellec® Microcomputer Develop- 
ment System option. PL/M provides the capability to pro- 
gram in a natural, algorithm language and eliminates the 
need to manage register usage or allocate memory. PL/M 
programs can be written in a much shorter time than assem- 
bler languages. 


TABLE 3 
PROGRAMMABLE INTERRUPT MODES 


OPERATION 


FULLY NESTED Interrupt request line priorities 
fixed at 0 as highest, 7 as lowest. 


AUTO-ROTATING | Equal priority. Each level, after 
receiving service, becomes the 
lowest priority level until next 
interrupt occurs. 


SPECIFIC System software assigns lowest 
PRIORITY priority level. Priority of all other 


levels based in sequence numeric- 
POLLED 


ally on this assignment. 


System software examines prior- 
ity-encoded system _ interrupt 
status via Interrupt Status Regis- 
ter. 
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SPECIFICATIONS 

WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 

CYCLE TIME 


Basic Instruction Cycle: 1.86 psec 


Note: Basic instruction cycle is defined as the fastest instruction 
(i.e., four clock cycles). 
MEMORY ADDRESSING 
On-Board ROM/PROM: O—OFFF 
On-Board RAM: 2K segments ending at any 
jumper-selectable address on a 
16K boundary (e.g., OO00,, 
40001, ... CO00,4). 


MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 2K bytes 
Off-Board Expansion: Up to 65,536 bytes in user- 


specified combinations — of 
RAM, ROM, and PROM. 


Note: ROM/PROM may be added in 1K byte increments. 


1/O ADDRESSING 
On-Board Programmable 1/O (see Table 1). 


USART]USART 
Data |Control 
: 


1/0 CAPACITY 
Parallel: 48 programmable lines (see Table 1). 


Note: Expansion to 504 input and 504 output lines can be ac- 
complished using optional |/O boards. 


SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 
5—8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 
Asynchronous: 
5—8 bit characters 
Break character generation 
1, 1%, or 2 stop bits 
False start bit detection 
Baud Rates: 


Baud Rate (Hz) 


Frequency 
(kHz, Software Selectable) 


Note: Frequency selected by !/O write of appropriate 16-bit fre- 
quency factor to Baud Rate Register. 


Register Address (Hex notation, I/O address space) 


Baud Rate Register 


Note. Baud Rate Factor (16 bits) is ioaded as two sequential output 
operations to same address (DE}4). 


INTERRUPTS 
Register Addresses (Hex notation, 1/O address space) 


Interrupt Request Register 
In-Service Register 
Mask Register | DB | 
Command Register 

3 


Block Address Register 
Status (Polling Register) 


Note: Several registers have the same physical address, sequence of 
access and one data bit of control word determines which 
register will respond. 


TIMERS 
Register Addresses (Hex notation, |/O address space) 


Note: Timer counts loaded as two sequential output operations to 
same address, as given. 
Input Frequencies: 
Reference: 1.0752 MHz +0.1% (0.930 psec period, 
nominal) 
Event Rate: 1.1 MHz max! 


Note 1. Maximum rate for external events in Mode 4: Event 
Counter. 


Output Frequencies/Timing Intervals: 


Sinale Ti IC : Dual Timer/Counter 
Function du eeu tga dl (Two Timers Cascaded) 


Real-Time 1.86 psec 60.948 msec } 3.72 usec 


Interrupt 


1.109 hrs 


Programmable 
One-Shot 


Rate Generator 116.407 Hz {537.61 kHz 
16.407 Hz |537.61 kHz 


1.86 usec 60.948 msec |} 3.72 usec 


1.109 hrs 


0.00025 Hz | 268.81 kHz 


Square-Wave 0.00025 Hz | 268.81 kHz 


Rate Generator 


INTERFACES 
Bus: All signals TTL compatible 
Parallel {/O: All signals TTL compatible 


Interrupt Requests: All TTL compatible 

Timer: All signals TTL compatible 

Serial 1/O: RS232C compatible, data set con- 
figuration 


SYSTEM CLOCK (8080A CPU) 
2.1504 MHz +0.1% 


ELECTRICAL CHARACTERISTICS 
DC Power: 


Without With With RAM 
PROM! PROM2 SBC 530° Only4 


Vcc =+5V +5% = Icc = 4.7A max 5.6A max 5.6A max 960 mA max 
Vpp = +12V +5% Ipp=100mA max 370mA max 470 mA max = 
Veg =-5V +5% ~~ IpB = 1mMA max 180 mA max 180 mA max == 
VaA = -12V 48% I~nj=25mMAmax 25mMAmax 125 mA max id 


Note: 1. Does not include power required for optional PROM, 
1/O drivers, and 1/O terminators. 

2. With four 8708 EPROMs and eight 2202/3300 input 
terminators installed, all terminator inputs low. 

3. With four 8708 EPROMs, eight 2202/3309 input termi- 
nators installed, all terminator inputs low, and SBC 530 
Teletypewriter Adapter drawing power from serial port 
connector. 

4. RAM chips powered via Auxiliary Power Bus. 
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SPECIFICATIONS (Con‘t) 


AUXILIARY POWER 
An Auxiliary Power Bus is provided to allow separate 
power to RAM for systems requiring battery back-up of 
read/write memory. Selection of this Auxiliary RAM 
Power Bus is made via jumpers on the board. 


MEMORY PROTECT 
An active-low TTL compatible MEMORY PROTECT 
signal is brought out on the Auxiliary connector which, 
when asserted, disables Read/Write access to RAM 
memory on the board. This input is provided for the 
protection of RAM contents during system power-down 


sequences. 
Mating Connectors 


CONNECTORS 


3M 3415-000 or 
P {t 
arallel 1/0 TI H312125 
3M 3462-000 or 


eeca T!H312113 


PHYSICAL CHARACTERISTICS 


Centers 


Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 


Weight: 12 oz (340.5 gm) 


LINE DRIVERS AND TERMINATORS 

1/O Drivers: 
The following line drivers are all compatible with the 
1/O driver sockets on the SBC 80/20. 


Note: | = inverting; Ni = non-inverting; OC = open collector. 


Ports 1 and 4 have 25 mA totem-pole dividers and 1 k{2 
terminators. 
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1/O Terminators: 
Terminators: 22002/330Q divider or 1 kQ2 pull-up. 


+5 
22022 
22082/33022 SBC 901 OPTION 
33022 


1kQ 


VkQ 45-0 _ SBC 902 OPTION 


Bus Drivers: 


Data Tri-State 
Address Tri-State 
Commands Tri-State 


Sink Current (mA) 
50 


ENVIRONMENTAL 
Operating Temperature: 0°C to 55°C 


COMPATIBLE BOARDS 
SBC 016 16K byte RAM 
SBC 104/SBC 108 4K/8K bytes RAM, 4K byte PROM, 
48 programmable !/O lines, RS232C Serial Port 
SBC 201 Diskette Controller 
SBC 406 6K byte PROM 
SBC 416 16K byte PROM 
SBC 501 DMA Controller 
SBC 508 32 Input Lines/32 Output Lines 


COMPATIBLE PERIPHERALS 
SBC 211 Single Diskette Systems 
SBC 212 Dual Diskette Systems 


COMPATIBLE HARDWARE 
SBC 530 Teletypewriter Adapter 
SBC 604/614 Backplanes/Cardcages 
SBC 630 Power Supply 
SBC 635 Power Supply 


intel 


SYSTEM 80/10 


A completely packaged microcomputer for OEM Expandable memory capacity 
applications — 1K bytes RAM standard 

— Expandable with low-cost 16K RAM, ROM, 
Processing power from the popular SBC 80/10 SRG Modules 


Single Board Computer 
Fully programmable I/O 


Multi-source interrupt — Standard asynchronous/synchronous - serial 
I/O port with RS232C and TTY interfaces 
Complete power supply with over-voltage protec- — 48 lines parallel |/O standard 
tion — Expandable with low-cost 1/O and Combina- 
| tion Modules to 504 input and 504 output 
Compact, 3%-inch RETMA compatible chassis lines 


Comprehensive System Monitor for loading, execu- 


Three additional expansion board slots 
tion, and debugging of System 80/10 programs 


Software support from Intellec® 800 System — Display and alter memory locations 
— Read and Write paper tape commands 
Full 8080A instruction set — CRT or TTY driver 


The System 80/10 is a fully packaged microcomputer utilizing the SBC 80/10 Single Board Computer. Ideal for the OEM 
whose design requires low-cost 19’ RETMA compatible rack mountable packaging, the System 80/10 offers easy to use, fully 
programmable I/O, the computational power of and fully compatible with Intel’s SBC 80/10, with both RAM and EPROM 
memory. The enclosed power supply is designed to support not only the Single Board Computer, but also a full complement 
of additional slots for expansion boards. The RETMA compatible chassis houses the computer, power supply, fans, and has 
three additional slots for expansion boards. 
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SYSTEM 80/10 


The heart of the System 80/10 is the SBC 80/10 Single 
Board Computer, a complete computer on a single printed 
circuit board. The SBC 80/10 includes an 8080A CPU, 1K 
bytes of static RAM memory, sockets for 4K bytes of 
EPROM memory, 48 programmable parallel !/O lines with 
sockets for interchangeable. line drivers and terminators, a 
programmable synchronous/asynchronous communications 
interface with RS232C and TTY compatibility, a multi- 
source, single level interrupt network, and bus drivers for 
memory and I/O expansion. 


Read-Only-Memory may be added in 1K byte increments 
using Intel® 8708 Erasable and Electrically Reprogramma- 
ble ROMs (EPROMs) or Intel 8308 Masked ROMs. All 
on-board OEM read operations are performed at maximum 
processor speed. 


Intel’s powerful 8-bit n-channel MOS 8080A CPU, fabri- 
cated on a single LSI chip, is the central processor for the 
SBC 80/10. The 8080A contains six 8-bit general-purpose 
registers and an accumulator. The six general-purpose 
registers may be addressed individually or in pairs, provid- 
ing both single and double precision operations. 


The 8080A has a 16-bit address bus which allows direct 
addressing of up to 64K bytes of memory. An external 
stack, located within any portion of read/write memory, 
may be used as a last-in/last-out stack to store the contents 
of the program counter, flags, accumulator, and all of the 
six general-purpose registers. A 16-bit stack pointer controls 
the addressing of this external stack. This stack provides 
subroutine nesting that is bounded only by memory size. 


The System 80/10 contains 48 programmable parallel [/O 
lines implemented using two Intel® 8255 Programmable 
Peripheral Interfaces. The system software may be used to 


configure the I/O lines in any combination of unidirectional 
input/output and bidirectional ports indicated in Table 1. 
Therefore, the !/O interface may be customized to meet 
specified peripheral requirements. In order to take full 
advantage of the large number of possible 1/O configura- 
tions, sockets are provided for interchangeable 1/0 line 
drivers and terminators. Hence, the !/O interface is further 
enhanced by the capability of selecting the appropriate 
combination of optional line drivers and terminators to 
provide the required sink current, polarity, and drive/ 
termination characteristics for each application. The 48 
programmable 1/O lines and signal ground lines are brought 
out to two 50-pin edge connectors that mate with flat-cable 
or round-cable. 


A programmable communications interface using Intel’s 
8251 Universal Synchronous/Asynchronous  Receiver/ 
Transmitter (USART) is contained on the board. A jumper- 
selectable baud rate generator provides the USART with all 
common communications frequencies. The USART can be 
programmed by software to determine the desired asyn- 
chronous or synchronous serial data transmission tech- 
niques (including IBM Bi-Sync). The mode of data trans- 
mission, data format, control character format, parity, and 
asynchronous transmission rate are all under program 
control. The 8251 provides full duplex, double buffered 
transmit and receive capability. Parity, overrun, and fram- 
ing error detection are all incorporated in the USART. The 
inclusion of jumper-selectable TTY or RS232C compatible 
interfaces on the board, in teletypewriters, CRTs, RS232 
compatible cassettes, asynchronous and = synchronous 
modems. The RS232C or TTY command lines, serial data 
lines, and signal ground lines are brought out to a 26-pin 
edge connector that mates with RS232C compatible flat- 
or round-cable. 


TABLE 1 
INPUT/OUTPUT PORT MODES OF OPERATION 


MODE OF OPERATION 
UNIDIRECTIONAL 


INPUT OUTPUT BIDIRECTIONAL | CONTROL 


LATCHED & LATCHED & 
UNLATCHED STROBED LATCHED STROBED 
x X 
Xx 


1. Note: Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 
strobed output or Port 1 is used as a bidirectional port. 
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Interrupt requests may originate from six sources. Two 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interface when 
a byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a byte of information has been 
transferred to a peripheral device (i.e., output buffer is 
empty). Two jumper-selectable interrupt requests can be 
automatically generated by the USART when a character 
is ready to be transferred to the CPU (i.e., receive channel 
buffer is full) or acharacter is ready to be transmitted (i.e., 
transmit channel data buffer is empty). These four inter- 
rupt request lines are all individually maskable under pro- 
gram control. Two interrupt request lines may be interfaced 
directly to user-designated peripheral devices; one via the 
system bus and the other via the 1/O edge connector. The 
six interrupt request lines share a single CPU interrupt level. 
When a interrupt request is recognized, a RESTART 7 
instruction is generated. The processor responds by sus- 
pending program execution and executing a user-defined 
interrupt service routine originating at location 3846. 


System 80/10 memory and I/O capability may be increased 
by adding standard Intel memory and !/O boards. Memory 
may be expanded by adding combinations of SBC 016 
16K RAM boards and SBC 416 16K PROM boards. Input/ 
output Capacity may be increased using SBC 508 1/O 
boards, containing 32 input lines and 32 output lines per 
board. Memory and I/O may be increased simultaneously 
by adding an SBC 104 board containing 4K bytes of RAM, 
sockets for 4K bytes of PROM, 48 programmable I/O lines, 
and a USART. 


An SBC 604 Modular Cardcage/Backplane is installed in the 
chassis to house the SBC 80/10 and provide an easily acces- 
sible bus interface. The cardcage houses the SBC 80/10 and 
up to three expansion boards. All SBC 80 bus signals are 
present on all four mating connectors. Also included are 
power supply cables which mate with the power supply 
connectors on the backplane to carry +5V and +12V DC, 


A comprehensive system monitor, residing in two Intel 
ROMs, is included to facilitate the loading, execution, and 


debug of programs. Monitor commands include the ability 
to read and write hexadecimal paper tapes, execute pre- 
defined program segments, display and alter memory con- 
tents, and display and alter CPU register contents. Monitor 
commands and resulting information may be initiated and 
displayed using a TTY or CRT terminal. 


The System 80/10 is designed for easy serviceability and is 
very modular. The computer boards are accessible from the 
rear of the package and strain-relief clamps are included to 
protect the !/O cabling. 


Wire-wrap jumpers on the SBC 80/10 select either TTY or 
RS232C operation, and a jumper-selectable baud rate 
generator on the SBC 80/10 is used to select the appropri- 
ate communications frequency. The System 80/10 is 
shipped with the jumpers set for TTY operation. 


The System 80/10 comes with all in-depth documentation 
needed to program and interface with the system. An 8080 
Assembly Language Manual, PL/M Programming Manual, 
and a System 80/10 Hardware Reference Manual, are all 
included to provide clear and concise information relevant 
to the use of your System 80/10. 


The development cycle of System 80/10 based 
products may be significantly reduced using the Intellec® 
Microcomputer Development System. The resident macro- 
assembler, text editor, and system monitor greatly simplify 
the design, development, and debug of the system software. 
An optional Diskette Operating System allows programs to 
be loaded, assembled, edited, and executed faster than 
using conventional paper tape, card, or cassette peripherals. 
A unique In-Circuit Emulator (1CE-80™) option provides 
the capability of developing and debugging software 
directly on the System 80/10. 


Intel’s high-level programming language, PL/M, provides 
the capability to program in a natural, algorithmic language 
and eliminates the need to manage register usage or allocate 
memory. PL/M programs can be written in a much shorter 
time than assembly language programs. 


SPECIFICATIONS 

WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 

CYCLE TIME 


Basic Instruction Cycle: 1.95 usec 


Note: Basic instruction cycle is defined as the fastest instruction 
(i.e., four clock cycles). 


MEMORY ADDRESSING 
On-Board ROM/PROM: O—OFFF 
On-Board RAM: 3C00—3FFF 


MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 1K bytes 
Off-Board Expansion: Up to 48K bytes using optional 
RAM, ROM, and PROM expan- 
sion boards. 


Note: ROM/PROM may be added in 1K byte increments. 


1/O ADDRESSING 
On-Board Programmable 1/O (see Table 1). 


8255 No. 1 lenin No. 1}No.1;USART |USART 
Data iControl 

trol 
[asses [ea]es|ee| eal eo|ea] e7 [es [eo | co 


1/O CAPACITY 
Parallel: 48 programmable lines (see Table 1). 


Note: Expandable with optional |/O boards. 


SERIAL BAUD RATES 


Baud Rate (Hz) 
Synchronou Asynchronous 
4 ous | (Program Selectable) 


Frequency (kHz) 
(Jumper Selectable) 
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SERIAL COMMUNICATIONS CHARACTERISTICS 


Synchronous: 
5—8 bit characters 
Internal or external character synchronizaticn 
Automatic Sync Insertion 
Asynchronous: 
5—8 bit characters 
Break character generation 
1, 1%, or 2 stop bits 
False start bit detectors 


INTERRUPTS 
Single-level with on-board logic that automatically vec- 
tors processor to location 381g using RESTART 7 
instruction. Interrupt requests may originate from user- 
specified 1/O (2), the programmable peripheral interface 
(2), or USART (2). 


INTERFACES 
Bus: All signals TTL compatible 
Parallel 1/O: All signals TTL compatible 
Serial 1/O: RS232C or a 20 mA current loop 


TTY interface (jumper-selectable) 
Interrupt Requests: All TTL compatible (active-low) 
SYSTEM CLOCK 
2.048 MHz +0.1% 


CONNECTORS 


No. of 
Double-Sided 
Pins 


Parallel 1/O (2) 0.1 


Centers 


Interface (in.} 


Mating Connectors 


3M 3415-000 _~—- Fiat 


3M 3462-0001 Flat 
or AMP 88106-1 Flat 


Serial 1/O 
PHYSICAL CHARACTERISTICS 
Height: 8.90 cm (3.5 in.) 
Width: 
At Front Panel: 48.3 cm (19 in.) 
Behind Front Panel: 43.2 cm (17 in.) 
Depth: 50.8 cm (20 in. with all protrusions) 


Weight: 37 Ib (16.0 kgm) 


ELECTRICAL CHARACTERISTICS 
Input Power: 
Frequency: 
Voltage: 
Standard: 115 VAC +10% 
Option: 230 VAC +10% 


47—63 Hz 


Output Power Available For Expansion Boards: 


Supply | without PROM| with PROM & 
Current| & Termination Termination 
Packs tnstalled | Packs Installed* 


Over-V oltage 
Protection 


Voltage 


+12 2A 
+5 14A 
-5 0.9A 
-12 0.8A 


*PROMSs are 4 each of 8708's; Termination Packs are 10 each of 
2202/3302. 


+14 to +16 volts 
5.8 to 6.6 volts 

5.8 to -6.6 volts 
-14 to —16 volts 


LINE DRIVERS AND TERMINATORS 

\/O Drivers: 
The following line drivers and terminators are all com- 
patible with the I/O driver sockets on the SBC 80/10. 


Sink Sink © 
Characteristic | Current Characteristic | Current 
(mA) (mA) 


48 7409 


Note: | = inverting; N.1. - non-inverting; O.C. = open collector. 


Port 1 has 25 mA totem-pole drivers and 1 k{2 termi- 
nators. 
1/O Terminators: 


Terminators: 2200/3309 divider or 1 kQ pull-up. 


+5 
22022 
2202/3302 SBC 901 OPTION 
3302 


Bus Drivers: 
Data Tri-state 25 
Address Tri-state 25 
Commands Tri-State 25 


ENVIRONMENTAL 
Operating Temperature: 


0°C to 50°C 
Non-operating Temperature: -40°C to 85°C 
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SYSTEM MONITOR generation at the breakpoint may be accomplished by 
Addresses: user hardware or by insertion of single byte calls at 
0000—0560,, (ROM); 3C004—3C3Fy (RAM) instruction boundaries. 
EQUIPMENT SUPPLIED 
Commands: System 80/10 Computer with power supply, cardcage, 
Display Memory (D) dual fans, and ROM based system monitor 
Program Execute (G) 115-volt power cable 
Insert Instructions into Memory (1) 115-volt and 230-volt fuses 
Move Memory (M) 8080 Assembly Language Manual 
Read Hexadecimal File (R) PL/M Programming manual 
Substitute Memory. (S) System 80/10 Hardware Reference Manual 
Write Hexadecimal File (W) SBC 80/10 Schematics 


Examine and Modify CPU Registers (X) COMPATIBLE EQUIPMENT 


SBC 016 16K byte RAM 


Drivers: SBC 104 4K bytes RAM, 4K bytes PROM, 48 program- 
Console Input mable I/O lines, USART 
Console Output SBC 108 8K bytes RAM, 4K bytes PROM, 48 program- 
Reader Input mable 1/O lines, USART 
Punch Output SBC 201 Flexible Diskette Controller 
SBC 416 16K byte PROM 
Breakpoints: SBC 508 32 input lines/32 output lines 
A hardware breakpoint capability may be implemented SBC 501 DMA Controller 
by an interrupt service routine beginning at RAM loca- SBC 955 Serial 1/O Cable Set 
tion 3C3Dy. Typically, a 2-byte call is used. Interrupt SBC 956 Parallel |/O Cable Set 


SYSTEM 80/10 BLOCK DIAGRAM 


RS 232C 
COMPATIBLE 
DEVICE TTY: 
| | | SERIAL SERIAL | | A USER DESIGNATED 


CONTROL PERIPHERALS 


INTERFACE Al - 
1 48 PROGRAMMABLE 


CONTROL DATA DATA 
INTERFACE INTER- INTER- 
Va FACE FACE 


INTERRUPT PARALLEL I/O LINES 
REQUEST 


7 JUMPER 2 INTERRUPT 
SELECTABLE REQUEST 


4K x8 PROGRAMMABLE 


ROM/PROM COMMUNICATIONS PROGRAMMABLE 1K x8 
MEMORY INTERFACE PERIPHERAL RAM 
(SOCKETS) (USART) INTERFACE MEMORY 


BUS INTERRUPT 


2 INTERRUPT 
REQUEST 
REQUEST LINE 


ADDRESS BUS 
DATA BUS 


BUS MEMORY 
AND 
vO. 
EXPANSION 


1. Interrupts originating from the Programmable Communications Interface and Programmable Peripheral Interface are jumper selectable. 
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SYSTEM 80/20 


A rack-mountable, packaged microcomputer for 
OEM applications 


Processing power from the popular SBC 80/20 
Single Board Computer. 


Full multiprocessor bus control logic allows addi- 
tional masters to share system bus 


Eight-level programmable vectored priority inter- 
rupt control 


Two programmable 16-bit BCD or Binary Timers 


Auxiliary power bus and memory protect control 
logic provided for battery back-up RAM require- 
ments 
Expandable memory capacity 

— 2K bytes RAM standard 


— Expandable with low-cost 16K RAM, ROM, 
EPROM, and Combination Modules 


Fully programmable I/O 
— Programmable synchronous/asynchronous 
RS232C compatible serial interface with soft- 
ware selectable baud rate generation 


— 48 lines parallel |/O standard 


— Expandable with low-cost 1/O and Combina- 
tion Modules 


Comprehensive System Monitor for loading, execu- 
tion, and debugging of System 80/20 programs 


— Display and alter memory locations 
— Display and alter registers 

— Single-step program execution 

— Read and Write paper tape commands 


— RS232 driver 


The System 80/20 is a fully packaged microcomputer utilizing the SBC 80/20 Single Board Computer. Ideal for the OEM 
whose design requires low-cost 19° RETMA compatible rack mountable packaging. The System 80/20 offers easy to use, 
fully programmable 1/0, the computational power of the SBC 80/20, and has both RAM and EPROM memory. The enclosed 
power supply is designed to support not only the Single Board Computer, but also a full complement of expansion boards. 
The RETMA compatible chassis houses the computer, power supply, fans, and has three additional slots for expansion boards. 


a 
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The heart of the System 80/20 is the SBC 80/20 Single 
Board Computer, a complete computer on a single printed 
circuit board. The SBC 80/20 includes an 8080A CPU, 2K 
bytes of static RAM memory, sockets for 4K bytes of 
EPROM memory, 48 programmable parallel 1/O lines with 
sockets for interchangeable line drivers and terminators, a 
programmable synchronous/asynchronous RS232C com- 
munications interface, programmable eight level vectored 
priority interrupt structure, programmable interval timers, 
and bus drivers for memory and I/O expansion. 


Read-Only-Memory may be added in 1K byte increments 
using Intel® 8708 Erasable and Electrically Reprogramma- 
ble ROMs (EPROMs) or Intel® 8308 Masked ROMs. All 
on-board memory operations are performed at maximum 
processor speed. 


Intel’s powerful 8-bit, N-channel MOS 8080A CPU, fabri- 
cated on a single LSI chip, is the central processor for the 
SBC 80/20. The 8080A contains six 8-bit general-purpose 
registers and an accumulator. The six general-purpose 
registers may be addressed individually or in pairs, provid- 
ing both single and double precision operations. 


The 8080A has a 16-bit address bus which allows direct 
addressing of up to 64K bytes of memory. An external 
stack, located within any portion of read/write memory, 
may be used as a last-in/first-out stack to store the contents 
of the program counter, flags, accumulator, and all of the 
six general-purpose registers. A 16-bit stack pointer controls 
the addressing of this external stack. This stack provides 
subroutine nesting that is bounded only by memory size. 


The System 80/20 contains 48 programmable parallel 1/O 
lines implemented using two Intel® 8255 Programmable 
Peripheral interfaces. The system software may configure 
the I/O lines in any combination of unidirectional input/ 
output and bidirectional ports indicated in Table 1. There- 
fore, the I/O interface may be customized to meet specified 
peripheral requirements. In order to take full advantage of 
the large number of possible |/O configurations, sockets are 


provided for interchangeable I/O line drivers and termi- 
nators. Hence, the t/O interface is further enhanced by the 
capability of selecting the appropriate combination of 
optional line drivers and terminators to provide the re- 
quired sink current, polarity, and drive/termination charac- 
teristics for each application. 


The 48 programmable !/O lines and signal ground lines are 
brought out to two 50-pin edge connectors that mate with 
flat cable, woven cable, or round cable. The user may 
design his own cables or order the SBC 955 Serial Cable 
or the SBC 956 Parallel Cable set. 


A programmable communications interface using Intel's 
8251 Universal Synchronous/Asynchronous Receiver/ 
Transmitter (USART) is contained on the board. A soft- 
ware selectable baud rate generator provides the USART 
with all common communications frequencies. The USART 
can be programmed by software to determine the desired 
asynchronous or synchronous serial data transmission tech- 
nique (including IBM Bi-Sync). The mode of data transmis- 
sion, data format, control character format, parity, and 
asynchronous transmission rate are all under program con- 
trol. The 8251 provides full duplex, double buffered trans- 
mit and receive capability. Parity, overrun, and framing 
error detection are all incorporated in the USART. The 
inclusion of the RS232C compatible interface on the board, 
allows the system to be used directly with CRTs, RS232C 
compatible cassettes, and asynchronous and synchronous 
modems. The RS232C command lines, serial data lines, and 
signal ground lines are brought out to a 26-pin edge con- 
nector that mates with RS232C compatible flat- or round- 
cable. A 20-mil TTY compatible interface may be achieved 
by using the SBC 530 TTY Adapter. 


The System 80/20 is a full computer with resources capable 
of supporting the majority of OEM system requirements. 
For those applications requiring additional processing 
capacity and the benefits of multiprocessing (i.e., several 
CPUs and/or controllers logically share system tasks with 
communication over the system bus), the System 80/20 


TABLE 1 
INPUT/OUTPUT PORT MODES OF OPERATION 


MODE OF OPERATION 


UNIDIRECTIONAL 


OUTPUT 


1. Part of Port 3 must be used as a contro! port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 


strobed output port or Port 1 is used as a bidirectional port. 


2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 


strobed output port or Port 4 is used as a bidirectional port. 
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provides full bus arbitration control logic. This control 
logic allows additional SBC 80/20s or other high-speed 
controllers to share the system bus in serial (daisy chain) 
priority fashion, or in parallel priority fashion with the 
addition of an external priority network. Once bus control 
is attained, a bus bandwidth of up to 5 Mbytes/sec may be 
achieved. : 
The bus controller provides its own clock which is derived 
independently from the processor clock. This allows dif- 
ferent speed controllers to share resources on the same bus, 
and transfers via the bus to proceed asynchronously. Thus, 
transfer speed is dependent on transmitting and receiving 
devices only. This design prevents slow master modules 
from being handicapped in their attempts to gain control of 
the bus, but does not restrict the speed at which faster 
modules can transfer data via the same bus. Once a bus 
request is granted, single or multiple read/write’ transfers 
can proceed at a maximum rate of 5 million data bytes per 
second. 

The System 80/20 provides three fully programmable and 
independent BCD and binary 16-bit interval timers/event 
counters utilizing an Intel® 8253 Programmable Interval 
Timer. Two of these timers/counters are available to the 
systems designer to generate accurate time intervals under 
software control. Routing for the outputs and gate/trigger 
inputs of each of these counters is jumper-selectable. Each 
may be independently routed to the programmable inter- 
rupt controller, the I/O line drivers and terminators or out- 
puts from 8255 Programmable Peripheral Interfaces. The 
third interval timer in the 8253 provides the programmable 
baud rate generator for the RS232C USART serial port. 


The systems designer simply configures, via software, each 
timer independently to meet system requirements. When- 
ever a given time delay or count is needed, software com- 
mands to the programmable timer/event counters select the 
desired function. Five functions are available, as shown in 
Table 2. The contents of each counter may be read at any 
time during system operation with simple READ operations 
for event counting applications, and special commands are 
included so that the contents of each counter can be used 
“on the fly.” 

An Intel® 8259 Programmable Interrupt Controller (PIC) 
provides vectoring for eight interrupt levels. As shown in 
Table 3, a selection of four priority processing modes is 
available to the systems designer so that the manner in 
which requests are processed may be configured to match 
system requirements. Operating mode and priority assign- 
ments may be reconfigured dynamically via software at any 
time during system operation. The PIC accepts interrupt 
requests from the programmable parallel and serial 1/0 
interfaces, the programmable timers, the system bus, or 
directly from peripheral equipment. The PIC then deter- 
mines which of the incoming requests is of the highest 
priority, determines whether this request is of higher 
priority than the level currently being serviced, and if 
appropriate, issues an interrupt to the CPU. Any combina- 
tion of interrupt levels may be masked through storage via 
software, of a single byte to the Interrupt Mask Register on 
the PIC. 


The PIC generates a unique memory address for each inter- 
rupt level. These addresses are equally spaced at intervals 
of 4 or 8 (software selectable) bytes. This 32 or 64-byte 
block may be located to begin at any 32 or 64-byte bound- 
ary in the 65,536 byte memory space. A single 8080A 
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TABLE 2 
PROGRAMMABLE TIMER FUNCTIONS 


FUNCTION 


Interrupt on 
Terminal Count 


OPERATION 


When terminal count is reached, 
an interrupt request is generated. 
This function is extremely useful 
for generation of REAL-TIME 
CLOCKS. 


Output goes low upon receipt of 
an external trigger edge and re- 
turns high when terminal count Is 
reached. This function is retrig- 
gerable. 


Programmable 
One-Shot 


Divide by N counter. The output 
will go low for one input clock 
cycle, and the period from one 
low-going pulse to the next is N 
times the input clock period. 


Rate Generator 


Output will remain high until one- 
half the count has been com- 
pleted, and go low for the other 
half of the count. 


Square-Wave 
Rate Generator 


TABLE 3 


PROGRAMMABLE INTERRUPT MODES 


| MODE OPERATION 


FULLY NESTED Interrupt request line priorities 
fixed at O as highest, 7 as lowest. 


AUTO- Equal priority. Each level, after 
ROTATING receiving service, becomes the 
lowest priority level until next 
interrupt occurs. 


On a jumper-selectable basis, the 
clock input becomes an input 
from the external system. CPU 
may read the number of events 
occurring after the counting ‘‘win- 
dow” has been enabled or an in- 
terrupt may be generated after N 
events occur in the system. 


SPECIFIC 
PRIORITY 


POLLED 


JUMP instruction at each of these addresses can then pro- 
vide linkage to locate each interrupt service routine inde- 
pendently anywhere in memory. 


System software assigns lowest 
priority level. Priority of all other 
levels based in sequence numeric- 
ally on this assignment. 


System software examines pri- 
ority-encoded system interrupt 
status via Interrupt Status Regis- 
ter. 


Interrupt requests may originate from 26 sources. Four 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interface when a 
byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a byte of information has been 
transferred to a peripheral device (i.e., output buffer is 
empty). Two jumper-selectable interrupt requests can be 
automatically generated by the USART when a character 
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is ready to be transferred to the CPU (i.e., receive channel 
buffer is full) or a character is ready to be transmitted 
(i.e., transmit channel data buffer is empty). A jumper- 
selectable request can be generated by each of the pro- 
grammable timers. Nine additional interrupt request lines 
are available to the user for direct interfaces to user desig- 
nated peripheral devices via the system bus. 


System 80/20 memory may be increased by adding combi- 
nations of SBC 016 16K RAM boards and SBC 416 16K 
PROM boards. Input/Output capacity may be increased 
using the SBC 508 parallel !/O, the SBC 517 programmable 
serial and parallel 1/O, or the SBC 519 programmable par- 
allel 1/0 board. System resources may be increased simul- 
taneously using SBC 80 combination I/O and memory 
expansion boards. All combination boards provide 48 lines 
of programmable parallel 1/O, one programmable serial 
port, and sockets for up to 4K of EPROM. A RAM incre- 
ment of 4K, 8K, or 16K can be chosen with the SBC 104, 
108, or 116, respectively. 


Mass storage capacity may be added to the System 80/20 
with Intel’s Flexible Diskette peripherals. The SBC 201 
Diskette Controller is a very powerful and easy to use 
plug-in module which is compatible with several manufac- 
turers’ diskette drives. For a completely tested mass storage 
peripheral, the SBC 211 Single Drive System and the SBC 
212 Dual Drive System are available. 


A Modular Cardcage/Backplane is installed in the chassis to 
house the SBC 80/20 and provide an easily accessible bus 
interface. The cardcage houses the SBC 80/20 and any 
additional expansion boards. All SBC 80 bus signals are 
present on all mating connectors. Also included are power 
supply cables which mate with the power supply connec- 
tors on the backplane to carry t5V and +12V DC. 


A comprehensive system monitor, residing in two Intel 
ROMs, is included to facilitate the loading, execution, and 


debug of programs. Monitor commands include the ability 
to read and write hexadecimal paper tapes, execute pre- 
defined program segments, display and alter memory con- 
tents, display and alter CPU register contents, and single 
step program execution. 


Monitor commands and resulting information may be 
initiated and displayed using a CRT or other RS232 device. 


The System 80/20 is designed for easy modular servicing. 
The computer boards are accessible from the rear of the 
package and strain relief clamps are included to protect any 
1/O cabling added by the OEM. 


The System 80/20 comes with all in-depth documentation 
needed to program and interface with the system. An 8080 
Assembly Language Manual, PL/M-80'™™ Programming 
Manual, and a Hardware Reference Manual, are all included 
to provide clear and concise information relevant to the use 
of a System 80/20. 


The development cycle of System 80/20 based products 
may be significantly reduced using the Intellec® Micro- 
computer Development System. The resident macroassem- 
bler, text editor, and system monitor greatly simplify the 
design, development, and debug of the system software. 
Optional Diskette Operating Software for the Development 
System programs to be loaded, assembled, edited, and exe- 
cuted faster than using conventional paper tape, card, or 
Cassette peripherals. A unique In-Circuit Emulator (ICE- 
80) option provides the capability to use the Development 
System to develop and debug software directly on the 
System 80/20. 


Intel’s high-level resident programming language, PL/M-80, 
provides the capability to program in a natural, algorithmic 
language and eliminates the need to manage register usage 
or allocate memory. PL/M-80 programs can be written in a 
much shorter time than assembly language programs. 


SPECIFICATIONS 
WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 
CYCLE TIME 


Basic Instruction Cycle: 1.86 usec 


Note: Basic instruction cycle is defined as the fastest instruction 
(i.e., four clock cycles). 


MEMORY ADDRESSING 
On-Board ROM/PROM: .0O—OFFFy 
On-Board RAM: 2K segments ending at any jumper- 
selectable address on a 16K boundary 
(e.g., OOOO, 4000y, . . . COOO})). 


MEMORY CAPACITY 
On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: 2K bytes 
Off-Board Expansion: Up to 65,536 bytes in user-specified 
combinations of RAM, ROM, and 
PROM. 


Note: ROM/PROM may be added in 1K byte increments. 


1/0 ADDRESSING 
On-Board Programmable !/O (see Table 1). 


8255 8255 
No. 1 No. 2 USART | USART 


pron eee ee Control | Control Data | Control 
jeefesfea] e7 | ee | ec [ co | 


1/0 CAPACITY 
Parallel: 48 programmable lines (see Table 1). 


Note: Expandable with optional |/O boards. 


SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 
5—8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 
Asynchronous: 
5-8 bit characters 
Break character generation 
1, 1%, or 2 stop bits 
False start bit detectors 


SERIAL BAUD RATES 


. Baud Rate (Hz) 
E i Asynchronous 
ynehronous (Program Selectable) 


Frequency (kHz) 
(Software Selectable) 


Note: Frequency selected by I/O write of appropriate 16-bit fre- 
quency factor to Baud Rate Register. 
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Register Address (Hex notation, !/O address space) 


Baud Rate Register | DE | 


Note: Baud Rate Factor (16 bits) is loaded as two sequential output 
operations to same address (DEy). 


INTERRUPTS 
Register Address (Hex notation, !/O address space) 


Interrupt Request Register 
In-Service Register 
Mask Register | DB 


Command Register 
Block Address Register 
Status (Polling Register) 


Note: Several registers have the same physical address, sequence of 
access and one data bit of control word determines which 
register will respond. 


TIMERS 
Register Address Hex notation, |/O address space) 


Control Register 
[Timert +f 0D 


Note: Timer counts loaded as two sequential output operations to 
same address, as given. 


Input Frequencies: 
Reference: 1.0752 MHz +0.1% (0.930 usec period, nominal) 
Event Rate: 1.1 MHz max 


Note: Maximum rate for external events in Mode 4: Event 
Counter. 


Output Frequencies/Timing Intervals: 


: . Dual Timer/Counter 
0 


Ti 
a oalLine 1.86 usec | 60.948 msec] 3.72 usec 1.109 hrs 
Interrupt 
Programmable 
1 One-Shot 1.86 usec | 60.948 msec} 3.72 usec 1.109 hrs 
2 Rate Generator | 16.407 Hz| 537.61 kHz |0.00025 Hz | 268.81 kHz 
S| mausrenveye 16.407 Hz| 537.61 kHz |0.00025 Hz | 268.81 kHz 


Rate Generator 


INTERFACES 
Bus: All signals TTL compatible 
Parallel |/O: All signals TTL compatible 
Interrupt Requests: All TTL compatible 
Timer: All signals TTL compatible 
Serial |/O: RS232C compatible, data set configura- 
tion 


SYSTEM CLOCK (8080A CPU) 
2.154 MHz +0.1% 


COMPATIBLE CONNECTORS 


No. of 
Double-Sided 
Pins 


Interface Mating Connectors 


3M 3415-000 Flat 
TIH312125 Flat 
TIH312113 


PHYSICAL CHARACTERISTICS 
Height: 8.90 cm (3.5 in.) 
Width: At Front Panel: 48.3 cm (19 in.) 
Behind Front Panel: 43.2 cm (17 in.) 
Depth: 50.8 cm (20 in. with all protrusions) 


ELECTRICAL CHARACTERISTICS 
Input Power: 
Frequency: 47—63 Hz 
Voltage: Standard: 115 VAC +10% 
Option: 230 VAC +10% 


Output Power Available for Expansion Boards: 


Power Available | Power Avaitable 
Supply | without PROM with PROM & 
Voltage Current & Termination Termination 
Packs Installed | Packs tnstalied* 
2A 
+5 


RAM-Only 
Power 
Requirements 


Over-Voitage 
Protection 


414 to 416 volts 
14A : 5.8 to 6.6 volts 

58 to -6.6 volts 
-14 to -16 volts 


+12 


-5 0.9A 
-12 0.8A 


*PROMs are four 8708s; Termination Packs are eight 2202/3302 
Terminator Packs. 


AUXILIARY POWER 
An Auxiliary Power Bus is provided to allow separate power to 
RAM for systems requiring battery back-up of read/write mem- 
ory. Selection of this Auxiliary RAM Power Bus is made via 
jumpers on the board.. 


MEMORY PROTECT 
An active-low TTL compatible MEMORY PROTECT signal is 
brought out on the Auxiliary connector which, when asserted, 
disables Read/Write access to RAM memory on the board. This 
input is provided for the protection of RAM contents during 
system power-down sequences. 


LINE DRIVERS AND TERMINATORS 

1/O Drivers: 
The following line drivers are all compatible with the I/O driver 
sockets on the SBC 80/20. 


| Driver | __Characteristic | __Sink Current (mA 


Note: | = inverting; NI = non-inverting; OC = open collector. 


Ports 1 and 4 have 25 mA totem-pole dividers and 1 kQ termi- 
nators. 

1/O Terminators: 
Terminators: 2202/330Q divider or 1 kQ pull-up. 


2202 
+5V 


22082/33082 SBC 901 OPTION 


1k2 
1kQ  +5V ———_—__aaa,——-_ SBC 902 OPTION 


Bus Drivers: 


Data 3-State 


Address 
Commands 


ENVIRONMENTAL 
Operating Temperature: O°C to 50°C 


3-State 
3-State 


SYSTEM MONITOR 
Address: 
0000—069Cy (ROM), 3F80447—3FFFy (RAM) 
Commands: 
Display Memory (D) 
Program Execute (G) 
Insert Instruction into Memory (1) 
Move Memory (M) 
Execute Next Instruction (N) 
Read Hexadecimal File (R) 
Substitute Memory (S) 
Write Hexadecimal File (W) 
Examine and Modify CPU Registers (X) 
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Drivers: 
Console Input 
Console Output 
Reader Input 
Punch Output 

Breakpoints: 
Program BREAKing may occur upon any of up to seven system 
conditions. BREAKs are implemented via the Programmable 
Interrupt Controller. When a break occurs, the BREAK level, 
all CPU registers, and the next instruction (OP CODE) are dis- 
played at the console. 

Baud Rate: 
Baud Rate Search Capability automatically sets serial baud rate 
to that of the system console. Allowable baud rates include 110 
150, 300, 600, 1200, 2400, 4800, and 9600. 


, 


EQUIPMENT SUPPLIED 
System 80/20 Computer with power supply, cardcage, dual fans, 
and ROM based system monitor 
115-volt power cable 
115-volt and 230-volt fuses 
8080 Assembly Language Manual 
PL/M-80 Programming Manual 
System 80/20 Hardware Reference Manual 
SBC 80/20 Schematics 


COMPATIBLE BOARDS 

SBC 016 16K byte RAM 

SBC 104 4K bytes RAM, 4K bytes PROM, 48 programmable 1/O 
lines, USART 

SBC 108 8K bytes RAM, 4K bytes PROM, 48 programmable 1/O 
lines, USART 

SBC 116 16K bytes RAM, 4K bytes PROM, 48 programmable 
1/0 tines, USART 

SBC 416 16K byte PROM 

SBC 501 DMA Controller 

SBC 508 32 input lines/32 output lines 

SBC 517 Combination !/O Board 

SBC 519 Programmable Parallel 1/O Board 

SBC 955 Serial 1/O Cable Set 

SBC 956 Parallel 1/O Cable Set 


COMPATIBLE PERIPHERALS 
SBC 201 Diskette Controller 
SBC 211 Single Diskette System 
SBC 212 Dual Diskette System 


COMPATIBLE HARDWARE 
SBC 530 Teletypewriter Adapter 


nner 


RS232C 
COMPATIBLE 
DEVICE 


USER DESIGNATED 
PERIPHERALS 

48 PROGRAMMABLE 

PARALLEL 1/O LINES 


CONTROL SERIAL 
INTERFACE DATA 
INTERFACE 
DRIVER 
RS232C TERMINATOR 
INTERFACE 8 INTERRUPT INTERFACE 
REQUEST 


PROGRAM. 


LINES E 


2 INTERRUPT 


REQUEST LINES MABLE 
inteR- IC ](-] [J] {(] [Gumper secectasce 
PROGRAMMABLE se) Se. | ; 
4K x8 Corte TIONS TROLLER PROGRAMMABLE 


INTERFACE 
(USART) 


PROGRAMMABLE 


BAUD RATE 
GENERATOR id 


PROGRAMMABLE 
PERIPHERAL 
INTERFACE 


ROM/PROM 
MEMORY 
(SOCKETS) 


TIMERS 


4 INTERRUPT 


ADDRESS BUS 
‘DATA BUS 


CONTROL BUS 


8 INTERRUPT 
REQUEST LINES 
MULTI-MASTER ADDRESS BUS 
BUS SYSTEM 80 
ARBITRATION DATA BUS ate 
LOGIC 


CONTROL BUS 


SYSTEM 80/20 BLOCK DIAGRAM 
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SBC 016 16K BYTE RAM MEMORY BOARD 


SBC-80 RAM memory expansion through direct Jumper selectable starting address for 16K contig- 


bus interface uous addresses 

16K byte read/write memory capacity Read/write data buffers 

On-board hardware for refresh of all dynamic TTL compatible data, address, and command signal 
memory elements interface 


The SBC-016 is a member of Intel’s complete line of SBC-80 memory and I/O expansion boards. The SBC-016 interfaces 
directly to any SBC-80 single board computer, via the system bus, to expand RAM memory Capacity. 


The board contains 16K bytes of read/write memory, implemented using 32 Intel® 2107 dynamic RAM memory compo- 
nents. On-board refresh hardware refreshes 64 bit positions of all 32 RAM elements every 1.0 milliseconds. Each refresh cycle 
utilizes memory for 735 nanoseconds. If a read or write cycle is in progress when a refresh cycle is scheduled to begin, the 
refresh cycle is postponed until the end of the read or write cycle. 


The SBC-016 contains a jumper that is used to select contiguous 16K byte address segments that begin in location 0000, 
4000, 8000, or COOO. 


Read/write buffers reside on the board to buffer all data that is written into or read from the memory array. All data, ad- 
dress, and command signals on the bus interface are TTL compatible. 


I 
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SPECIFICATIONS 


WORD SIZE 
8 bits 


MEMORY SIZE 
16,384 bytes 


CYCLE TIMES 
Read Cycle: 735 ns max 
Write Cycle: 1360 ns max 
Refresh Cycle: 735 ns max 


INTERFACE 
All address, data, and command signals are TTL com- 
patible. 


ADDRESS SELECTION 
Jumper selection of base address of 16K contiguous 
memory block to reside in locations 0000, 4000, 8000, 
or COOO. 


CONNECTOR 
86-pin double-sided PC edge connector with 0.156-inch 
contact centers. 


Mating Connector: Control Data VPBO1E43A00A1. 
PHYSICAL CHARACTERISTICS 


Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 


Weight: 120z (415.2 gm) 


ELECTRICAL CHARACTERISTICS 
DC Power: 

Vec = +5 VDC +5% 

lcc «== «(1.2A typ; 1.54 max 

Vpp +12 VDC +5% 

Ipbp = 0.7A typ; 1.0A max 

Veep = -5 VDC +5% 

Isa = 0.2 mA typ; 3.2 mA max 


ENVIRONMENT 
Operating Temperature: O°C to 55°C 


READ/ 
WRITE 
BUFFERS 


MEMORY 
ARRAY 
16K x 8 


CONTROL 
(BUS 
HANDSHAKE 
& REFRESH 

!OGIC) 


ADORESS 


BLOCK 
SELECT 
JUMPERS 


ADDRESS 
ADDRESS 
DECODE 


ADDRESS BUS 
DATA BUS 
CONTROL BUS 


S$BC-80 
BUS 


16K RAM MEMORY EXPANSION BOARD BLOCK DIAGRAM 
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SBC 104/108/116 COMBINATION MEMORY 
AND I/O EXPANSION BOARDS 


4K, 8K, 16K bytes of read/write memory (SBC 48 programmable 1/O lines with sockets for inter- 
104, SBC 108, SBC 116, respectively ) changeable line drivers and terminators 


Synchronous/Asynchronous communications inter- 


Sockets for 4K byt f proqrammable or masked 
ne ae ee: face with RS232C drivers and receivers 


read-only-memory 


a Eight maskable interrupt request lines with a pend- 
Auxiliary power bus and memory protect control ing interrupt register 
logic provided for battery back-up RAM require- 


ments 1 ms interval timer 


The SBC 104, SBC 108, and SBC 116 are members of Intel’s complete line of SBC 80 memory and {/O expansion boards. 
Each board interfaces directly with any SBC 80 Single Board Computer, via the system bus, to expand RAM and ROM 
memory capacity; serial and parallel 1/O capacity. 


The SBC 104 contains 4K, the SBC 108 8K, and the SBC 116 16K bytes of RAM memory implemented using Intel dynamic 
RAM memory components. On-board refresh hardware refreshes a portion of all eight RAM memory elements every 14 
microseconds. If a read or write cycle is already in progress when a refresh cycle is scheduled to begin, the refresh cycle is 
postponed until the end of the read or write cycle. Each refresh cycle utilizes memory for 590 nanoseconds. Typical RAM 
access time is 485 nanoseconds. Typical Read/Write cycle time is 560 nanoseconds. 


Sockets for up to 4K bytes of non-volatile read-only memory reside on the boards. Read-only-memory may be added in 1K 
byte increments using Intel® 8708 Erasable and Electrically Reprogrammable ROMs (EPROMs) or Intel® 8308 Masked 
ROMs. Typical ROM/EPROM access time is 440 nanoseconds. Typical ROM/EPROM cycle time is 560 nanoseconds. 


Sin ae an ae ee oe a ee tg ees Se A 
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Each combination board contains 48 programmable !/O 
lines implemented using two Intel® 8255 Programmable 
Peripheral Interfaces. The system software is used to con- 
figure the I/O lines in any combination of unidirectional 
input/output, and bidirectional ports indicated in Table 1. 
Therefore, the 1/O interface may be customized to meet 
specified peripheral requirements. In order to take full 
advantage of the large number of possible I/O configura- 
tions, sockets are provided for interchangeable 1/O line 
drivers and terminators. Hence, the flexibility of the !/O 
interface is further enhanced by the capability of selecting 
the appropriate combination of optional line drivers and 
terminators to provide the required sink current, polarity, 
and drive/termination characteristics for each application. 
The 48 programmable 1/O lines and signal ground lines are 
brought out to two 50-pin edge connectors that mate with 
flat, round, or woven cable. 


Typical 1/O Read access time is 280 nanoseconds. Typical 
1/O Read cycle time is 600 nanoseconds. 


A programmable communications interface using Intel's 
8251 Universal Synchronous/Asynchronous  Receiver/ 
Transmitter (USART) is contained on each board. A 
jumper-selectable baud rate generator provides the USART 
with all common communications frequecies between 75 
Hz and 38.4 kHz. The USART can be programmed by the 
system software to select the desired asynchronous or 
synchronous serial data transmission technique (including 
IBM Bi-Sync). The mode of operation (i.e., synchronous or 
asynchronous), data format, control character format, 
parity, and asynchronous serial transmission rate are all 
under program control. The 8251 provides full duplex, 
double-buffered transmit and receive capability. Parity, 
overrun, and framing error detection are all incorporated 
in the USART. The inclusion of a comprehensive RS232C 
interface on the boards in conjunction with the USART 


provides a direct interface to CRTs, RS232C compatible 
casettes, asynchronous and synchronous modems. The 
RS232C, serial data lines, and signal ground lines are 
brought out to a 26-pin edge connector that mates with 
RS232C compatible flat or round cables. 


The SBC 530 Teletypewriter Adapter provides an optically 
isolated interface for those systems requiring a 20 mA 
current loop. The SBC 530 may be used to interface the 
SBC 104/108/116 Combination Boards to teletypewriters 
and other 20 mA current loop equipment. 


Interrupt requests may originate from eight sources. Four 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interfaces when 
a byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a character has been trans- 
mitted (i.e., output data buffer is empty). Two jumper- 
selectable interrupt requests can be automatically generated 
by the USART when a character is ready to be transferred 
to the CPU (i.e., receive buffer is full) or a character has 
been transmitted (transmit buffer is empty). These six 
interrupt request lines are all maskable under program con- 
trol. Two interrupt request lines may be interfaced directly 
from user-designated peripheral devices via the 1/O edge 
connector. An on-board register contains the status of all 
eight interrupt request lines, and may be interrogated by 
the CPU. Each interrupt request line is maskable under 
program control. Routing for the eight interrupt request 
lines is jumper-selectable. They may be ORed to provide a 
single interrupt request line for the SBC 80/10, or they may 
be individually provided to the system bus for use by the 
SBC 80/20 Priority Interrupt Controller. 


Each board contains a jumper-selectable 1 ms _ interval 
timer. The timer is enabled by jumpering one of the inter- 
rupt request lines from the 1/O edge connector to a 1 ms 


TABLE 1 
INPUT/OUTPUT PORT MODES OF OPERATION 


LATCHED & 
STROBED 


UNLATCHED 


1 


- 


se 


MODE OF OPERATION 
UNIDIRECTIONAL 


PORT | NO. OF LINES INPUT OUTPUT 


LATCHED 


x 

; 
; / 
E 


> 
x 
N 


BIDIRECTIONAL 


interval interrupt request signal originating from the baud 
LATCHED & 


rate generator. 
CONTROL 
STROBED 


i a a ee ees 
i 


NOTES: 1. Part of Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 


strobed output or Port 1 is used as a bidirectional port. 


2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 


strobed output or Port 4 is used as a bidirectional! port. 
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CONNECTORS 


SPECIFICATIONS 


MEMORY ADDRESSING 
ROM/EPROM 
4K segments starting at any jumper-selectable base address ona 
AK byte boundary (e.g., 0000}, 1000p, ... FOOO}) 
RAM: 
4K, 8K, 16K segments starting at any jumper-selectable base ad- 
dress on a 4K byte boundary (e.g., OOOOH, 1000}, ... FOOOW) 
Note: 3. Base address 7000}y not allowed for SBC 108. Base ad- 
dress 5000}4—>7000}; not allowed for SBC 116. 


MEMORY CAPACITY 
ROM/PROM: 4K bytes (sockets only) 
RAM: 4K bytes for SBC 104, 8K bytes for SBC 108, 
16K bytes for SBC 116. 


MEMORY RESPONSE TIME 


[Access ins) | _Gyele (ns 


*Without Refresh Interruption. 


1/0 ADDRESSING 


8255 | 8255 |UusaRT|USART 
No. 1 | No.2 Data | Control 
Control | Control ; 


Note: X is any hex digit assigned by jumper selection. 


1/0 TRANSFER RATE 
Parallel: Read or Write cycle time 760 ns max 
Serial: (USART) 


Baud Rate (Hz) 


Frequency (kHz) Re lniten Asynchronous 
(Jumper Selectable) ee (Program Selectable) 


SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 
5—8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 
Asynchronous: 
5—8 bit characters 
Break characters generation 
1,1%, or 2 stop bits 
False start bit detectors 


INTERRUPTS 
Eight interrupt request lines may originate from the Programma- 
ble Peripheral Interface (4 lines), the USART (2 lines) or user 
specified devices via the 1/O edge connector (2 lines) or Interval 
Timer. 


INTERRUPT REGISTER ADDRESSES 


Interrupt Mask Register 
Interrupt Status Register 


Note: X is any hex digit assigned by jumper selection. 


TIMER INTERVAL 
1.003 ms +0.1% when 110 Baud Rate is selected 
1.042 ms +0.1% for all other Baud Rates 


INTERFACES 
Bus: All signals TTL compatible 
Parallel 1/O: All signals TTL compatible 
Serial 1/O: RS232C 


Interrupt Requests: All TTL compatible 


Mating Connectors 


CDC VPBO1E43A00A1 
3M 3415-000 or 
TIH312125 
3M 3462-000 or 


AMP PE5-14559 or 
Ti H311130 


Note: 4. Connector heights and wire-wrap pin lengths are not 
guaranteed to conform to Intel OEM or MDS packaging. 


PHYSICAL CHARACTERISTICS 
. Width: 12.00 in. (30.48cm) Depth: 0.50 in. (1.27 cm) 
Height: 6.75 in. (17.15cm) Weight: 14 0z (397.3 gm) 


ELECTRICAL CHARACTERISTICS® 
Average DC Current: 

Without EPROM® with EPROM? RAM® 
Vcc =+5V +5% = Icc = 2.85A max 3.6A max 600 mA max 
+12V 15% Ipp =450mAmax 700mAmax 400 mA max 
Vep =-5V +5% = IpR =3 mA max 180 mA max 3 mA max 
Vana =-12V +5% laa =60mAmax 6OMmAMmax Not Used 


< 
eo) 
0 
i 


Notes: 5. All current values given here include RAM power. 
6. Does not include power required for optional EPROM, 
1/O drivers, and 1/O terminators. 
7. With four 8708 EPROMs and eight 2202/3302 Input 
terminators installed, all terminator inputs low. 
8. RAM chips and RAM control logic (powered via Auxil- 
iary Power Bus). 


AUXILIARY POWER 
An Auxiliary Power Bus is provided to allow separate power to 
RAM for systems requiring battery backup of read/write mem- 
ory. Selection of this Auxiliary RAM Power Bus is made via 
jumpers on the board. 


MEMORY PROTECT 
An active-low TTL compatible MEMORY PROTECT signal is 
brought out on the Auxiliary connector which, when asserted, 
disables Read/Write access to RAM memory on the board. This 
input is provided for the protection of RAM contents during 
system power-down sequences. 


LINE DRIVERS AND TERMINATORS 
1/O Drivers: 


The following line drivers and terminators are all compatible 
with the I/O driver sockets on the SBC 104/108/116. 


Sink Sink 
Characteristic | Current Characteristic | Current 
(mA) (mA) 
16 
16 


1,0C 48 N1I,OC 
| 48 


NI 16 
1,0C 16 


Note: | = inverting; NI = non-inverting; OC = open collector. 


|,OC 16 
16 


Ports 1 and 4 have 25 mA totem-pole drivers and 1 kQ termi- 
nators. 

1/O Terminators: 
Terminators: 220/330 divider or 1 kQ pull-up. 


+5 
22082/3302 SBC 901 OPTION 


Tk 
1kKQ 0 45 © 88€ 902 OPTION 


Bus Drivers: 


Sink Current (mA) 
Data Tri-State 50 
Commands Tri-State 25 


ENVIRONMENTAL 
Operating Temperature: O°C to +55°C. 
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SBC 104/108/116 


RS232C 
COMESTIBEE USER DESIGNATED PERIPHERALS 
DEVICES 
2 
INTERRUPT 48 PROGRAMMABLE 
REQUEST 1/0 LINES 
LINES 
1 ms INTERRUPT 
RS232C BAUD RATE Cea oe 
INTERFACE GENERATOR rable et 
SELECTED 
COMMUNICATIONS 2 4 
FREQUENCY INTERRUPT INTERRUPT 
REQUEST 
LINES 


4K \8 
ROM/EPROM 
MEMORY 
(SOCKETS} 


PROGRAMMABLE 
COMMUNICATIONS 
INTERFACE 


PROGRAMMABLE 4K X 8, 8K X 8, 
PERIPHERAL OR 16K X8 


INTERFACE RAM MEMORY 


INTERRL: T 
STATUS/MASK 
REGISTERS 


ADDRESS BUS 
DATA BUS 


CONTROL BUS aaa 


1. INTERRUPTS ORIGINATING FROM THE PROGRAMMABLE COMMUNICATIONS INTERFACE 
AND PROGRAMMABLE PERIPHERAL INTERFACE ARE JUMPER-SELECTABLE. 


SBC 104/108/116 BLOCK DIAGRAM 
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SBC 416 16K PROM EXPANSION BOARD 


Allows SBC 80 EPROM/ROM expansion through Switches to enable or disable each memory block 
direct bus interface 


Intel® 8308 maksed ROM or 8708 programmable 
and erasable PROM Buffered address and data lines 


The SBC-416 is a member of Intel’s complete line of SBC 80 memory and I/O expansion boards. The SBC-416 interfaces 
directly to any SBC 80 Single Board Computer, via the System bus, to expand ROM/PROM memory capacity. 


The board contains 16 sockets that can house either Intel® 8308 masked ROMs or Intel 8708 programmable and erasable 
EPROMs. ROM/PROM memory can be added in 1K byte increments. The SBC-416 contains a set of jumpers that allow the 
selection of the base address of independent 8K memory blocks, to begin on any 8K boundary. Switches are used to enable 
on-board memory in 1K block increments. 
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SPECIFICATIONS 


WORD SIZE 
8 bits 


MEMORY SIZE 
Sockets for up to 16K bytes. Memory may be added in 
1K byte increments. 


COMPATIBLE INTEL MEMORY 
ROM: 

8308 
PROM: 

8708 


INTERFACE 
All address, data, and command signals are TTL com- 
patible and SBC 80 Bus compatible. 


ADDRESS SELECTION 
Switches and jumpers allowing the selection of a base 
address for each independent 8K block of memory, on 
any 8K boundaries. 


ELECTRICAL CHARACTERISTICS 
DC Power: 


Without 
Memory [Typ [Max | Typ | Max 


+5V 0.75A 0.77A 0.79A 0.85A 0.91A 
-5V —— 0.001A 0.010A 0.48A 0.75A 
+12V —-— 0.58A 0.96A 0.80A 1.04A 


CONNECTOR 
86-pin double-sided PC edge connector with 0.156-inch 
(0.40 cm) contact centers. 


Mating Connector: Control Data VPBO1E43A00A1. 
PHYSICAL CHARACTERISTICS 


Width: 12.00 in. (30.40 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 120z. (340.5 gm) 
ENVIRONMENT 


Operating Temperature: 0°C to 55°C 


Hh ™ —-— ——————— ————————————— SESE 


PROM 
READ REQUEST 


ADDRESS 
CONTROL 
BLOCK 


TIMING 
CONTROL 


ADDRESS BUS 


SELECTED 
ADDRESS 


DATA BUS 
COMMAND BUS 


SOCKETS FOR 
16K BYTES 
OF 
ROM/PROM 
MEMORY 


DATA LINE BUFFERS 


SBC 416 BLOCK DIAGRAM 
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SBC 508 I/O EXPANSION BOARD 


SBC-80 I/O expansion via direct bus interface Selectable latched or unlatched input ports 
Four 8-bit terminated input ports Latched outputs with selectable width strobes 
Four 8-bit output ports with buffered TTL drivers Switch selectable 1/O port addresses 


The SBC-508 is a member of Intel’s complete line of SBC-80 memory and !/O expansion boards. The SBC-508 interfaces 
directly to any SBC-80 single board computer, via the system bus, to expand input and output port capacity. 


Four 8-bit terminated input ports are contained on the board. Data is gated into the port while the strobe is present and 
latched if the strobe is removed. 


The SBC-508 contains four 8-bit output ports. All output lines are driven by TTL level buffer drivers that reside on the board. 


Output data is latched. A strobe signal, of jumper selectable width, is sent to the peripheral device during an output oper- 
ation. 


Address selection is accomplished using two resident rotary switches, which select one of sixty-four unique base addresses for 
all input and output ports. The board operates with a single +5 volt power supply. 


a 
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SBC 508 
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SPECIFICATIONS 


WORD SIZE 
8 bits 


CAPACITY 
Four 8-bit input ports; four 8-bit output ports. 


1/0 INTERFACE CHARACTERISTICS 
1/O Line Driver Sink Current: 48 mA 
1/O Line Terminator Load: 1kQ. pull-up. 
Inputs: Data is positive relative to data bus. 
Outputs: Data is positive relative to data bus. 
Output Strobe: Jumper-selectable to 100, 200, 400, 800 
or 1600 ns pulse widths. 
All 1/O interface data and control signals are TTL levels. 


BUS INTERFACE CHARACTERISTICS 
All data, address, and control signals are TTL com- 
patible. 


ADDRESS SELECTION 
Input and output ports are accessed as four sequential 


addresses that start in one of 64 switch-selectable loca- 


tions between 00 and FCj¢. 


CONNECTORS 

Bus: 
86-pin double-sided PC edge connector with 0.156-inch 
contact centers. 


Mating Connector: Contro! Data VPBO1E43A00A1. 
1/0: 
100-pin double-sided PC edge connector with 0.1-inch 
contact centers. 


Mating Connector: Viking 3VH50/1JN5. 
PHYSICAL CHARACTERISTICS 


Width: 12.00 in. (30.48 cm) 

Height: 6.75in. (17.15cm) 

Depth: 0.50 in. (1.27 cm) 

Weight: 12 0z. (415.2 gm) 
ELECTRICAL CHARACTERISTICS 
DC Power: 

Vee = +5V +5% 

Ice == 2.6A max; 1.9A typ. 


ENVIRONMENT 
Operating Temperature: O0°C to 55°C 


INPUT 
PORT 0 


IN STBO 
INPUT 
BETS PORT 1 
PERIPHERAL IN STB 1 
DEVICES 
INPUT 
Bens PORT 2 
IN STB 2 
INPUT 
SBITs PORT 3 
IN STB 3 


fog oe | DATABUS 


LOGIC) 


ADDRESS 
DECODE 


CONTROL 


OUTPUT 
TE) 
OUT STBO 
OUTPUT 
OUT STB 1 
OUTPUT 
TPT port 2 8 BITS 
OUT STB 2 
OUTPUT 
[Por 3 8 BITS 
OUT STB 3 


PERIPHERAL 
DEVICES 


ADDRESS BUS 


CONTROL BUS 


1/O EXPANSION BOARD BLOCK DIAGRAM 
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SBC 517 COMBINATION I/O EXPANSION BOARD 


[/O addressing and connectors directly compatible Synchronous/Asynchronous communications inter- 
with SBC 104, SBC 108, and SBC 116 Combina- face with RS232C drivers and receivers 
Hom Poards Eight maskable interrupt request lines with a pend- 


48 programmable {/O lines with sockets for inter- ing interrupt register 


changeable line drivers and terminators 1 ms interval timer 


The SBC 517 is a member of Intel's complete line of SBC 80 memory and I/O expansion boards. The board interfaces di- 
rectly with any SBC 80 Single Board Computer, via the system bus, to expand serial and parallel |/O capacity. 


The combination I/O board contains 48 programmable parallel !/O lines. The system software is used to configure the 1/0 
lines to meet a wide variety of system peripheral requirements. The flexibility of the 1/O interface is significantly enhanced 
by the capability of selecting the appropriate combination of optional line drivers and terminators to provide the required 
sink current, polarity, and drive/termination characteristics for each application. 


A programmable RS232C communications interface is provided on the SBC 517. This interface may be programmed by the 
system software to provide virtually any asynchronous or synchronous serial data transmission technique (including IBM 
Bi-Sync). A comprehensive RS232C interface to CRTs, RS232C compatible cassettes, and asynchronous and synchronous 
modems is thus included on the board. 


An on-board register contains the status of eight interrupt request lines which may be interrogated from the system bus, and 
each interrupt request line is maskable under program control. The SBC 517 also contains a jumper-selectable 1 ms interval 
timer and interface logic for eight interrupt request lines. 
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The 48 programmable 1/O lines on the SBC 517 are imple- 
mented utilizing two Intel® 8255 Programmable Peripheral 
Interfaces. The system software is used to configure these 
programmable I/O lines in any of the combinations of uni- 
directional input/output, and bidirectional ports indicated 
in Table 1. In order to take full advantage of the large 
number of possible 1/O configurations, sockets are provided 
for interchangeable !/O line drivers and terminators to pro- 
vide the required sink current, polarity, and drive/termina- 
tion characteristics for each application. The 48 program- 
mable I/O lines and signal ground lines are brought out to 
two 50-pin edge connectors that mate with flat, round, or 
woven cable. 


Typical 1/O Read access time is 280 nanoseconds. Typical 
1/O Read cycle time is 600 nanoseconds. 


The programmable communications interface on the SBC 
517 is provided by an Intel® 8251 Universal Synchronous/ 
Asynchronous = Receiver/Transmitter (USART). The 
USART can be programmed by the system software to 
select the desired asynchronous or synchronous serial data 
transmission technique (including IBM Bi-Sync). The mode 
of operation (i.e., synchronous or asynchronous), data 
format, control character format, parity, and asynchro- 
nous serial transmission rate are all under program control. 
The 8251 provides full duplex, double-buffered transmit 
and receive capability, and parity, overrun, and framing 
error detection are all incorporated in the USART. The 
comprehensive RS232C interface on the board provides 
a direct interface to RS232C compatible equipment. The 
RS232C serial data lines and signal ground lines are brought 
out to a 26-pin edge connector that mates with RS232C 
compatible flat or round cables. 


The SBC 530 Teletypewriter Adapter provides an optically 
isolated interface for those systems requiring a 20 mA 
current loop. The SBC 530 may be used to interface the 
SBC 517 Combination !/O Board to teletypewriters and 
other 20 mA current loop equipment. 


Interrupt requests may originate from eight sources. Four 
jumper-selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interface when 
a byte of information is ready to be transferred to the CPU 
(i.e., input buffer is full) or a character has been trans- 
mitted (i.e., output data buffer is empty). Two jumper- 
selectable interrupt requests can be automatically generated 
by the USART when a character is ready to be transferred 
to the CPU (i.e., receive buffer is full) or a character has 
been transmitted (transmit buffer is empty). These six 
interrupt request lines are all maskable under program con- 
trol. Two interrupt request lines may be interfaced directly 
from user designated peripheral devices via the I/O edge 
connector. An on-board register contains the status of all 
eight interrupt request lines, and may be interrogated by 
the CPU. Each interrupt request line is maskable under 
program control. Routing for the eight interrupt request 
lines is jumper-selectable. They may be ORed to provide a 
single interrupt request line for the SBC 80/10, or they may 
be individually provided to the system bus for use by the 
SBC 80/20 Priority Interrupt Controller. 


Each board contains a jumper-selectable 1 ms _ interval 
timer. The timer is enabled by jumpering one of the inter- 
rupt request lines from the I/O edge connector to a 1 ms 
interval interrupt request signal originating from the baud 
rate generator. 


TABLE 1 
INPUT/OUTPUT PORT MODES OF OPERATION 


a a ee ee 
oe ee ee ee 
ee ae ee ee ee 
a a Se ae oe 
ee a ee ee ee 
ieee (ae ee a 
ee i ee ee ae 
ae a ee a ee 


NOTES: 


MODE OF OPERATION 
UNIDIRECTIONAL 


OUTPUT 


PORTS | NO. OF LINES INPUT 
LATCHED & LATCHED & 
UNLATCHED STROBED LATCHED STROBED 


BIDIRECTIONAL 


CONTROL 


i ae ee 
et oe ee See Ses 


1. Part of Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 


strobed output port or Port 1 is used as a bidirectional port. 


2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 


strobed output port or Port 4 is used as a bidirectional port. 
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SPECIFICATIONS 

1/O ADDRESSING 
8255 | 8255 | ysart| USART 
ne Nope Data | Control 
Contro! | Control 


Note: X is any Hex digit assigned by jumper selection. 


1/O TRANSFER RATE 
Parallel: Read or Write cycle time 760 ns max. 
Serial: | (USART) 


Frequency (kHz) 
(Jumper Selectable) 


SERIAL COMMUNICATIONS CHARACTERISTICS 
Synchronous: 
5—8 bit characters 
Internal or external character synchronization 
Automatic Sync Insertion 
Asynchronous: 
5—8 bit characters 
Break characters generation 
1, 1%, or 2 stop bits 
False start bit detectors 


INTERRUPTS 
Eight interrupt request lines may originate from the 
Programmable Peripheral Interface (4 lines), the USART 
(2 lines) or user specified devices via the I/O edge con- 
nector (2 lines) or Interval Timer. 


INTERRUPT REGISTER ADDRESSES 


Interrupt Mask Register 
Interrupt Status Register 


Note: X is any Hex digit assigned by jumper selection. 


TIMER INTERVAL 
1.003 ms +0.1% when 110 Baud Rate is selected 
1.042 ms +0.1% for all other Baud Rates 


INTERFACES 
Bus: All signals TTL compatible 
Parallel I/O: All signals TTL compatible 
Serial 1/O: RS232C 


Interrupt Requests: All TTL compatible 
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CONNECTORS 


Centers : 
linc) Mating Connectors 


0.156 CDC VPBO1E43A00A1 
0.1 3M 3415-000 or 
TI H312125 
. 3M 3462-000 or 
AMP PE5-14559 


TIH311130 


Note 1: Connector heights and wire-wrap pin lengths are not guar- 
anteed to conform to Intel OEM or System packaging. 
Auxiliary connector is used for test purposes only. 


Interface 


Parallel 1/O 


PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 14 oz (397.3 gm) 


ELECTRICAL CHARACTERISTICS 

Average DC Current: 
Vec = +5V +5% 
Vpop = +12V +5% 
VAA = ~12V +5% 

Note: Does not include power required for optional 1/O drivers 


and I/O terminators. With eight 2200/3302 Input termi- 
nators installed, all terminator inputs low. 


LINE DRIVERS AND TERMINATORS 

1/O Drivers: 
The following line drivers and terminators are all com- 
patible with the !/O driver sockets on the SBC 517. 


rr Characteristic | Current 
| 


Note: | = inverting; Ni = non-inverting; OC = open collector 


lec = 2.4 mA max 
Ipbp = 40 mA max 
laa = 60 mA max 


Ports 1 and 4 have 25 mA totem-pole drivers and 1 kQ 
terminators. 
1/O Terminators: 


Terminators: 22002/330Q divider or 1 kQ2 pull-up. 


22082 


+5V 
22082/33082 SBC 901 OPTION 
33022 


TkQ 
1k2 9 +5Y ———____»,vA,—_—______9- SBC 902 OPTION 


Bus Drivers: 


Characteristic 


Data Tri-State 
Commands Tri-State 


Sink Current (mA) 


50 
25 
ENVIRONMENTAL 


Operating Temperature: O°C to +55°C 


SBC 517 


RS232C 
COMPATIBLE USER DESIGNATED PERIPHERALS 


DEVICES 


2 48 

INTERRUPT PROGRAMMABLE 
REQUEST 1/0 LINES 

LINES 


Tms INTERRUPT 


DRIVER/ 
TERMINATOR 


RS232C BAUD RATE 


GENERATOR 


INTERFACE 


INTERFACE 


SELECTED 
COMMUNICATIONS 2 4 
FREQUENCY INTERRUPT INTERRUPT 
REQUEST 
LINES 


Ca 


PROGRAMMABLE 
COMMUNICATIONS 


INTERRUPT 
STATUS/MASK 
REGISTERS 


PROGRAMMABLE 
PERIPHERAL 
INTERFACE 


INTERFACE 
(USART) = 


NOTES: INTERRUPTS ORIGINATING FROM THE PROGRAMMABLE COMMUNICATIONS INTERFACE 
AND PROGRAMMABLE PERIPHERAL INTERFACE ARE JUMPER-SELECTABLE. 


SBC 517 BLOCK DIAGRAM 
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ADDRESS BUS 
DATA BUS 
CONTROL BUS 


SBC 80 
BUS 


intel 
SBC 519 PROGRAMMABLE I/O EXPANSION BOARD 


SBC 80 1/O expansion via direct bus interface Jumper selectable |/O port addresses 


72 programmable I/O lines with sockets for inter- 


changeable line drivers and terminators Jumper selectable 0.5, 1.0, 2.0 or 4.0 msec interval 


Eight maskable interrupt request lines with priority timer 
encoded and programmable interrupt algorithms 


The SBC 519 is a member of Intel’s complete line of SBC 80 memory and I/O expansion boards. The SBC 519 interfaces 
directly to any SBC 80 single board computer, via the system bus, to expand input and output port capacity. 


The SBC 519 provides 72 programmable 1|/O lines. The system software is used to configure the I/O lines to meet a wide 
variety of peripheral requirements. The flexibility of the I/O interface is further enhanced by the capability of selecting the 


appropriate combination of optional line drivers and terminators to provide the required sink current, polarity, and drive/ 
termination characteristics for each application. 


Address selection is accomplished using wire-wrap jumpers which select one of 16 unique base addresses for the input and 
output ports. The board operates with a single +5 volt power supply. 
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The 72 programmable I/O lines on the SBC 519 are imple- 
mented utilizing three Intel® 8255 Programmable Periph- 
eral Interfaces. The system software is used to configure the 
1/O lines in any combination of unidirectional input/out- 
put, and bidirectional ports indicated in Table 1. In order 
to take full advantage of the large number of possible 1/O 
configurations, sockets are provided for interchangeable 
I/O line drivers and terminators. The 72 programmable 1/O 
lines and signal ground lines are brought out to three 50-pin 


edge connectors that mate with flat, round, or woven cable. 


Typical 1/O Read access time is 350 nanoseconds. Typical 
1/O Read/Write cycle time is 450 nanoseconds. 


An interval timer is provided on the SBC 519 which may be 
used to generate Real Time Clocking in systems requiring 
the periodic monitoring of !/O functions. The timing 
interval is derived from the SBC 80 BUS CCLK (Constant 
Clock) and the timing interval is jumper selectable. Intervals 
of 0.5, 1.0, 2.0, and 4.0 milliseconds may be selected when 
an SBC 80 Single Board Computer is used to generate the 
CCLK. Other timing intervals may be generated if the user 
provides a separate CCLK reference in the system. 


An Intel® 8259 Programmable Interrupt Controller (PIC) 
provides vectoring for eight interrupt levels. As shown in 
Table 2, a selection of three priority processing algorithms 
is available to the system designer so that the manner in 
which requests are serviced may be configured to match 
system requirements. Priority assignments may be recon- 
figured dynamically via software at any time during system 
operation. The PIC accepts interrupt requests from the pro- 
grammable parallel !/O interfaces, the interval timer, or 
directly from peripheral equipment. The PIC then deter- 
mines which of the incoming requests is of the highest 
priority, determines whether this request is of higher 
priority than the level currently being serviced, and if 


appropriate, issues an interrupt to the System Master. Any 
combination of interrupt levels may be masked through 
storage, via software, of a single byte to the Interrupt Mask 
Register of the PIC. 


Interrupt requests may originate from 10 sources. Six 
jumper selectable interrupt requests can be automatically 
generated by the Programmable Peripheral Interfaces when 
a byte of information is ready to be transferred to the 
System Master (i.e., input buffer is full) or a character has 
been transmitted (i.e., output data buffer is empty). Three 
interrupt request lines may be interfaced to the PIC directly 
from user designated peripheral devices via the I/O edge 
connectors. One interrupt request may be generated by the 
interval timer. 


The PIC interrupt request output line may be jumper- 
selected to drive any of the nine interrupt lines on the SBC 
80 BUS. Any of the on-board request lines may also drive 
any SBC 80 BUS interrupt line directly via jumpers and 
buffers on the board. 


TABLE 2 
INTERRUPT PRIORITY OPTIONS 


ALGORITHM OPERATION 


FULLY NESTED Interrupt request line priorities 
fixed at O as highest, 7 as lowest. 


AUTO-ROTATING | Equal priority. Each level, after 
receiving service, becomes the 
lowest priority level until next 
interrupt occurs. 


SPECIFIC System software assigns lowest 
PRIORITY priority level. Priority of all other 
levels based in sequence numer- 
ically on this assignment. 


TABLE 1 


INPUT/OUTPUT PORT MODES OF OPERATION 


a ee ee See 
ee ie ee 
a ae ee ae 
a eee ee 


NOTES: 


OUTPUT 


UNIDIRECTIONAL 
PORTS | NO. OF LINES INPUT 
LATCHED & LATCHED & 
UNLATCHED STROBED LATCHED STROBED 


MODE OF OPERATION 


1. Part of Port 3 must be used as a contro! port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 


strobed output port or Port 1 is used as a bidirectional port. 


2. Part of Port 6 must be used as a control port when either Port 4 or Port 5 are used as a latched and strobed input or a latched and 


strobed output port or Port 4 is used as a bidirectional port. 


3. Part of Port 9 must be used as a control port when either Port 7 or Port 8 are used as a latched amd strobed input or a latched and 


strobed output port or Port 7 is used as a bidirectional! port. 
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SPECIFICATIONS 


1/O ADDRESSING 


8255 8255 8255 
No. 1 No. 2 7 No. 3 
Control Control Control 


cc 


INTERRUPTS 
Register Addresses (Hex notation, I/O address space) 


Interrupt Request Register 
In-Service Register 


Mask Register 


Note: Several registers have the same physical address, sequence of 
access and one data bit of control word determines which 
register will respond. 

Ten interrupt request lines may originate from the Pro- 

grammable Peripheral Interface (6 lines), or user specified 

devices via the !/O edge connector (3 lines), or Interval 

Timer (1 line). 


INTERVAL TIMER 

Output Register 
Timer Interrupt Register output is cleared by an OUT- 
put instruction to 1/O address XE or XF 4 

Timing Intervals 
0.500, 1.000, 2.000, and 4.000 msec +1%; Jumper 
Selectable.° 


Notes: 4. X is any Hex digit assigned by jumper selection. 
5. Assumes SBC 80 CCLK Frequency of 9.216 MHz +1%. 


INTERFACES 
Bus: All signals TTL compatible 
Parallel 1/O: All signals TTL compatible 


Interrupt Requests: All TTL compatible 


CONNECTORS 


CDC VPBO1E43A00A1 


3M 3415-000 or 
Tl H312125 


3M 3462-000 or 

Tt! H312113 

AMP PE5-14559 or 
Tl H311130 


Note 1: Connector heights and wire-wrap pin lengths are not guar- 
anteed to conform to Intel OEM or System packaging. 


PHYSICAL CHARACTERISTICS 
Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 


Weight: 14 0z (397.3 gm) 
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ELECTRICAL CHARACTERISTICS! 
Average DC Current 
Without Termination® With Termination” 


Vcc = t5V +5% Icc = 1.5A max 3.5A max 


Notes: 6. Does not include power required for optional 1/O 


drivers and |/O terminators. 
7. With 18 220922/3309 Input terminators installed, al! 
terminator inputs low. 
LINE DRIVERS AND TERMINATORS 
1/O Drivers 
The following fine drivers and terminators are compati- 
ble with all the I/O driver sockets on the SBC 519. 


Note: | = inverting; NI = non-inverting; OC = open-collector. 


1/O Terminators 
Terminators: 2200/3302 divider or 1 kQ2 pull-up. 


2202 


+5V 
22082/33082 SBC 901 OPTION 
33022 


Tk 


1kQ  +5V ————_av A, SBC 902 OPTION 


Ports 1, 4, and 7 may use any of the drivers or termini- 
ators shown above for unidirectional (Input or Output) 
port configurations. Either terminator and the following 
bidirectional drivers and terminators may be used for 
Ports 1, 4, and 7 when these ports are used as bidirectional 
ports. 


Bidirectional Drivers 


erie [ ik Goren 


Note: | = inverting; NI = non-inverting; TS = three-state. 


Terminators (for Ports 1, 4, and 7 when used as bidirec- 
tional ports) 


Senoier | Poder erm | 
[Dale | Lora 
509 


Bus Drivers 


| Function | Characteristic | Sink Current (mA) 
Data 
Commands 


Tri-State 50 
25 
ENVIRONMENTAL 


Tri-State 
Operating Temperature: O°C to +55 C 


SBC 519 


USER DESIGNATED 
PERIPHERALS 


a 


72 
PROGRAMMABLE 
1/0 LINES 
3 
INTERRUPT DEER 
REQUEST TERMINATOR 


LINES INTERFACE 


6 
1 
INTERRUPT eeae. 
REQUEST 
REQUEST LINES 
LINE PROGRAMMABLE 

bua ONTROLLeR (COC ERIPHERAL 

TIMER CONTROLLER INTERFACE 


ADDRESS BUS 


DATA BUS 


CONTROL BUS 


CONSTANT CLOCK (CCLK) BUS 


SBC 80 
INTERFACE BUS 


SBC 519 BLOCK DIAGRAM 
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SBC 201 DISKETTE CONTROLLER 


Provides interface for high-speed random access 
bulk storage capability for Intel© OEM Com- 
puters 


Provides microprocessor control of two flexible 
diskette drives 


Microprogrammed for maximum flexibility and 
easy software development 


Compatible with majority of diskette drives, 
including Shugart and Control Data 


Complete CRC data checking 
Data addressed using IBM soft-sectored format 


which allows 256K bytes of data capacity per 
diskette 


SBC bus compatible — plugs into standard System 
80 Backplane or SBC 604/614 Cardcage 


Optional Go/No Go Diagnostic 


The SBC 201 Diskette Controller is a high-speed, modular set of boards which provides the OEM with a powerful and easy to 
use control technique for the interfacing of Intel! OEM Computers with industry standard flexible diskettes. The Diskette 
controller is directly compatible with the entire family of System 80 and SBC 80 OEM computers, and will interface directly 
with the majority of the flexible diskette drives in use today. 
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SBC 201 
a. 


The SBC 201 Diskette Controller provides an easy to use 
interface for the OEM using Intel’s OEM computers and 
other manufacturer's flexible diskettes. The controller en- 
ables the OEM to develop his system software in a simple, 
straightforward manner. All DMA logic is provided, so no 
additional boards or circuitry are required, and either one 
or two flexible diskette drivers may be interfaced to the 
Intel Computer with each SBC 201. The controller is 
implemented with Intel’s powerful Series 3000 Bipolar 
Microprocessor Set. The controller facilitates recording all 
data in the IBM-compatible soft-sector format. The con- 
troller consists of two boards which may reside in the Sys- 
tem 80 chassis, the SBC 604 or 614 Modular Cardcage, or 
in the OEM's own custom designed, Intel Bus-compatible 
Backplane. The Channel Board and the Interface Board are 
discussed in detail below. 


CHANNEL BOARD 


The Channel Board is the primary contro! module within 
the diskette controller. The Channel Board receives, 
decodes, and responds to channel commands from the 
Central Processor Unit (CPU) in the Intel OEM Computer 
System. The Channel Board can access a block of system 
memory to determine the particular diskette operations to 
be performed and fetch the parameters required for the 
successful completion of the specified operation. 


The contro! functions of the Channel Board have been 
achieved with an 8-bit microprogrammed processor, de- 
signed with Intel’s Series 3000 Bipolar Microcomputer Set. 
This 8-bit processor includes four 3002 Centra! Processing 
Elements (2-bit slice per CPE), a 3001 Microprogram Con- 
trol Unit, and 512 X 32 bits of 3604 programmable read- 
only memory (PROM) which stores the microprogram. It 
is the execution of the microprogram by the microcom- 
puter set which actually effects the control capability of 
the Channel Board. 


INTERFACE BOARD 


The Interface Board provides the SBC 201 Diskette Con- 
troller with a means of communication with the diskette 
drives, as well as with the Intel OEM Computer System 
Bus. Under control of the microprogram being executed on 
the Channel Board, the Interface Board generates those 
signals which cause the read/write head on the selected 
drive to be loaded (i.e., to come in contact with the disk- 
ette platter), cause the head to move to the proper track 
and verify successful operation. The Interface Board ac- 
cepts the data being read off the diskette, interprets syn- 
chronizing bit patterns, checks the validity of the data 
using a cyclic redundancy check (CRC) polynomial, and 
then transfers the data to the Channel Board. 


During write operations, the Interface Board outputs the 
data and clock bits to the selected drive at the proper times, 
and generates the CRC characters which are then appended 
to the data. 


When the diskette controller requires access to the system 
memory, the Interface Board requests and maintains DMA 
master control of the system bus, and generates the appro- 
priate memory command. The Interface Board also ac- 
knowledges I/O commands as required by the Intel OEM 
Computer Bus. 


The diskette controller is capable of performing seven dif- 
ferent operations: recalibrate, seek, format track, write 
data, write deleted data, read data, and verify CRC. 
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PROGRAMMING WITH THE SBC FLEXIBLE DISKETTE 
CONTROLLER 


The controller has been designed to make programming 
very easy, but also with unique capabilities which allow the 
OEM to generate sophisticated software when required. 
All diskette operations are initiated by Intel OEM Com- 
puter, with standard 1/O commands. Once initiated, how- 
ever, the Diskette Controller completes the specified oper- 
ation without further intervention on the part of the CPU. 
From the CPU’s point of view, there are only three general 
steps required to complete any diskette operation: 


1. The CPU must prepare and store in system memory an 
1/O Parameter Block (IOPB) for each operation to be 
performed. !f multiple operations are desired, the |OPBs 
can be linked together in the proper order. 

2. The CPU then passes the memory address of the first (or 
only) IOPB to the diskette controller. 


3. The CPU must process the resultant information from 
the diskette controller upon completion of the opera- 
tion(s). 

The preparation of the IOPB(s) by the CPU requires no 

interaction with the diskette controller. The !OPB is pre- 

pared as any block of data in memory would be prepared. 

The 10-byte parameter block must adopt the following 

format: 
Byte Channel Word 

Diskette Instruction 

Number of Records 


1 

2 

3 

4 Track Address 

5 Sector Address 

6 Buffer Address (Lower) 

7 Buffer Address (Upper) 

8 Block Number 

9 Next lIOPB Address (Lower) 
0 


1 Next IOPB Address (Upper) 


The channel word or command provides the controller with 
information which: 


1. Determines the method of assigning logical sector 
addresses 


2. Enables or disables a series of possible diskette interrupts 
3. Determines if the parameter block is properly prepared 


4. Determines the length of the data word to be transferred 


COMPATIBLE INTERFACE CABLES 


For the convenience of the OEM, Intel provides cables for 
use with specific manufacturer's drives. The SBC 951 Cable 
may be used to connect the diskette controller to a Shugart 
Model 800/800R Flexible Diskette Drive. The SBC 952 
may be used to connect the controller to a Control Data 
Model 9404 Flexible Diskette Drive. The OEM could, of 
course, fabricate his own cabling for these drives or any 
other flexible diskette drives. 


GO/NO GO DIAGNOSTIC 


For the convenience of the OEM, Intel makes available a 
diskette exerciser and monitor program which facilitates 
the checkout and debugging of OEM built systems using 


SBC 201 


Intel OEM Computers and Diskette Controllers. The 
SBC 915 and SBC 925 Go/No Go Diagnostic programs are 
available on four 1K byte ROMs which can be installed in 
the PROM/ROM memory section of the Intel Computer. 
The programs include commands to display and alter main 
memory and registers, insert instructions, move main mem- 
ory, substitute main memory, and to exercise the flexible 


diskette drives by reading and/or writing individual sectors, 
reading sequentially sector-to-sector and track-to-track, and 
writing/reading random sectors and tracks. 


The Go/No Go Diagnostic program is designed to give the 
OEM a convenient means of determining the functionality 
of his system. 
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SPECIFICATIONS 


MEDIA 
Flexible Diskette 
One Recording Surface 
IBM Soft-Sector Format 
77 Tracks/Diskette 
26 Sectors/Tracks 
128 Bytes/Sector 


PHYSICAL CHARACTERISTICS 
Mounting: Occupies two slots of System 80 Chassis or 
SBC 604/614 Cardcage 


Height: 6.75 in. (17.15 mm) 
Width: 12.00 in. (30.48 mm) 
Depth: 0.50 in. each board (1.27 mm) 


ELECTRICAL CHARACTERISTICS 

DC Power Requirements: 
Channel Board: 5V @3.75A (typ), 5A (max) 
Interface Board: 5V @ 1.5A (typ), 2.5A (max) 
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ENVIRONMENTAL CHARACTERISTICS 


Temperature: 
Operating: Oto 55°C 
Non-Operating: -55 C to +85°C 
Humidity: 
Operating: Up to 90% relative humidity without 


condensation. 
All conditions without condensation of 
water or frost. 


EQUIPMENT SUPPLIED 
FDC Channel! Board 
FDC Interface Board 
Dual Auxiliary Board Connector 
Hardware Reference Manual 
Reference Schematics 


OPTIONAL EQUIPMENT 

SBC 915 Go/No Go Diagnostic and Monitor Program for 
SBC 80/10 and System 80/10 

SBC 925 Go/No Go Diagnostic and Monitor Program for 
SBC 80/20 

SBC 951 Cables for Shugart Model 800/800R Diskette 
Drives 

SBC 952 Cables for CDC Model 9404 Diskette Drives 


Non-Operating: 


intel 


SBC 211/212 DISKETTE HARDWARE SYSTEM 


High-speed, random access bulk storage for Intel’s 
OEM Computer family 


Single-drive or dual-drive packages 


IBM soft-sectored format allowing 256K byte data 
storage capacity per diskette 


High-speed !/O capability 


— 250 kilobit/sec transfer rate 
— 10 ms track-to-track access time 


Compact chassis design that is RETMA compatible 


Microprogrammed diskette controller allows easy 
software development 
Complete CRC data checking 


SBC Bus compatible — diskette controller plugs 
into standard System 80 Backplane or SBC 604/ 
614 Cardcage 


Optional Go/No Go Diagnostic 


The SBC 211 and SBC 212 are high-speed, random access bulk storage systems for use with Intel’s SBC 80 and System 80 
OEM Computers. The SBC 211 is a single-drive diskette system and the SBC 212 is a dual-drive system. Both are complete 
subsystems with the drives fully packaged in a standard RETMA compatible chassis and with Intel's Diskette Controller. The 
controller boards simply plug into the System 80 Backplane or the SBC 604/614 Cardcage and interface with standard cable 


to diskette drives. 
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SBC 211/212 
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HARDWARE 


The SBC 211 and 212 Hardware Diskette Systems provide 
direct access to bulk storage, with an intelligent controller, 
and up to two diskette drives. Each drive provides 1/4 mil- 
lion bytes of storage with a data transfer rate of 250,000 
bits/second. The controller is implemented with Intel’s 
powerful Series 3000 Bipolar Microcomputer Set. The con- 
troller provides an interface to the Intel® OEM Computer 
Bus as well as supporting the two diskette drives. The disk- 
ette system can record all data in the |BM-compatible soft- 
sector format. 


The SBC diskette controller consists of two boards, the 
Channel Board and the Interface Board. These two printed 
circuit boards, residing in the SBC 604/614 Cardcage or 
System 80, constitute the diskette controller. Each of the 
system’s components are described in more detail in the 
following paragraphs. 


CHANNEL BOARD 


The Channel Board is the primary control module within 
the diskette system. The Channel Board receives, decodes 
and responds to channel commands from one or more bus 
masters in this Intel OEM Computer System. The Channel 
Board can access a block of computer system memory to 
determine the particular diskette operations to be per- 
formed and fetch the parameters required for the successful 
completion of the specified operation. The control func- 
tions of the Channel Board have been achieved with an 
8-bit microprogrammed processor, designed with Intel’s 
Series 3000 Bipolar Microcomputer Set. This 8-bit proces- 
sor includes four 3002 Central Processing Elements (2-bit 
slice per CPE), a 3001 Microprogram Control Unit, and 
512 X 32 bits of 3604 programmable read-only memory 
(PROM) which stores the microprogram. It is the execution 
of the microprogram by the microcomputer set which 
actually effects the control capability of the Channel 
Board. 


INTERFACE BOARD 


The Interface Board provides the SBC 201 Diskette Con- 
troller with a means of communication with the diskette 
drives, as well as with the Intel OEM Computer System 
Bus. Under control of the microcomputer being executed 
on the Channel Board, the Interface Board generates those 
signals which cause the read/write head on the selected 
drive to be loaded (i.e., to come in contact with the disk- 
ette platter), cause the head to move to the proper track 
and verify successful operation. The Interface Board ac- 
cepts the data being read off the diskette, interprets syn- 
chronizing bit patterns, checks the validity of the data using 
a cyclic redundancy check (CRC) polynomial, and then 
transfers the data to the Channel Board. 


During write operations, the Interface Board outputs the 
data clock bits to the selected drive at the proper times, 
and generates the CRC characters which are then appended 
to the data. 


When the diskette controller requires access to the system 
memory, the Interface Board requests and maintains DMA 
master control of the system bus and generates the appro- 
priate memory command. The Interface Board also ac- 
knowledges I/O commands as required by the Intel OEM 
Computer Bus. 


The diskette controller is capable of performing seven dif- 
ferent operations: recalibrate, seek, format track, write 
data, write deleted data, read data, and verify CRC. 


PROGRAMMING WITH THE SBC FLEXIBLE DISKETTE 
CONTROLLER 


The controller has been designed to make programming 
very easy, but also with unique capabilities which allow the 
OEM to generate sophisticated software as required. 


All diskette operations are initiated by the Intel OEM 
Computer with standard \/O commands. Once initiated, 
however, the diskette controller completes the specified 
operation without further intervention on the part of the 
CPU. From the CPU’s point of view, there are only three 
general steps required to complete any diskette operation: 


1. The CPU must prepare and store in system memory an 
1/O Parameter Block (IOPB) for each operation to be 
performed. If multiple operations are desired, the [|OPBs 
can be linked together in the proper order. 


2. The CPU then passes the memory address of the first 
(or only) |OPB to the diskette controller. 


3. The CPU must process the resultant information from 
the diskette controller upon completion of the opera- 
tion(s). 


The preparation of the IOPB(s) by the CPU requires no 
interaction with the diskette controller. The IOPB is pre- 
pared as any block of data in memory would be prepared. 
The 10-byte parameter block must adopt the following 
format: 


1 Channel Word 

2 Diskette Instruction 

3 Number of Records 

4 Track Address 

5 Sector Address 

6 Buffer Address (Lower) 
7 Buffer Address (Upper) 

8 Block Number 

9 Next IOPB Address (Lower) 
0 Next IOPB Address (Upper) 


The channel word provides the controller with information 

which: 

1. Determines the method of assigning logical sector 
addresses. 


2. Enables or disables a series of possible diskette inter- 
rupts. 


3. Determines if the parameter block is properly prepared. 


4. Determines the length of the data word to be trans- 
ferred. 
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SBC 211/212 


GO/NO GO DIAGNOSTIC 


For the convenience of the OEM, Intel makes available a 
diskette exerciser and monitor program which facilitates 
the checkout and debugging of OEM built systems using 
Intel OEM Computers and Diskette Controllers. The 
SBC 915 and SBC 925 Go/No Go Diagnostic programs are 
available on four 1K byte ROMs which can be installed in 
the PROM/ROM memory section of the Intel Computer. 
The programs include commands to display and alter main 


memory and registers, insert instructions, move main mem- 
ory, substitute main memory, and to exercise the flexible 
diskette drives by reading and/or writing individual sectors, 
reading sequentially sector-to-sector and track-to-track, and 
writing/reading random sectors and tracks. 


The Go/No Go Diagnostic program is designed to give the 
OEM a convenient means of determining the functionality 
of his sytem. 
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SPECIFICATIONS 


ACCESS TIME 
Track-to-Track: 10 ms 
Head Settling Time: 10 ms 
Average Random Positioning Time: 260 ms 
Rotational Speed: 360 rpm 
Average Latency: 83 ms 
Recording Mode: Frequency Modulation 


PHYSICAL CHARACTERISTICS 
Controller: 
Mounting: Occupies two slots of System 80 Chassis or 
SBC 604/614 Cardcage 


Height: 6.75 in. (17.15 mm) 
Width: 12.00 in. (30.48 mm) 
Depth: 0.50 in. each board (1.27 mm) 


Chassis and Drives: 
Mounting: Table-top or standard 19 RETMA cabinet 


Height: 12.08 in. (30.68 cm) 
Width: 16.88 in. (42.88 cm) 
Depth: 19.0 in. (48.26 cm) 
Weight: 1 drive — 51 Ib (23 kg) 


2 drives — 64 Ib (29 kg) 


ELECTRICAL CHARACTERISTICS 
Chassis: 
DC Power Supplies: 


Voltage Current 


5V 3A +5% 
-5V 600 mA +5% 
24V. 4A +5% 


AC Power Requirements: 
3-wire input with center conductor (earth ground) 
tied to chassis. 
Single-phase, 115/230 VAC; 50—60 Hz; 160 watts 


Controller: 
DC Power Requirements: 
Channel Board: 5V @ 3.75A (typ), 5A (max) 
Interface Board: 5V @ 1.5A (typ), 2.5A (max) 


ENVIRONMENTAL CHARACTERISTICS 


MEDIA 
Temperature: 
Operating: 15.6°C to 51.7°C 
Non-Operating: 5°C to 55°C 
Humidity: 
Operating: 8 to 8% (wet bulb 29.4°C) 


Non-Operating: 8 to 90% 
DRIVES AND CHASSIS 


Temperatures: 
Operating: 10°C to 38°C 
Non-Operating: -35°C to 65°C 
Humidity: 
Operating: 20% to 90% (wet bulb 26.7°C) 


Non-Operating: 5% to 95% 
CONTROLLER BOARDS 


Temperature: 
Operating: 0 to 55°C 
Non-Operating: -55°C to 85°C 
Humidity: 
Operating: Up to 90% relative humidity without 


condensation. 
Non-Operating: All conditions without condensation 
of water or frost. 


EQUIPMENT SUPPLIED 
Cabinet, Power Supplies, Line Cord 
Diskette Drive(s) 
FDC Channel Board 
FDC Interface Board 
Dual Auxiliary Connector 
Flexible Diskette Controller Cable 
Peripheral Cable 
Hardware Reference Manual 
Reference Schematics 
OPTIONAL EQUIPMENT 
SBC 915 Go/No Go Diagnostic and Monitor Program for 
SBC 80/10 and System 80/10 
SBC 925 Go/No Go Diagnostic and Monitor Program for 
SBC 80/20 
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intel 
SBC 501 DIRECT MEMORY ACCESS CONTROLLER 


Directly compatible with Intel® SBC 80 Single Block length up to 65,536 words 


Board Computers 
Directly addresses up to 65,536 memory locations 


Transfer rate up to 1 million words per second for 


Transfers initialized via software 
Block Transfers 


Software selectable/maskable interrupt operations 


Transfers data up to 330K words per second for 
Interleaved Transfers Interrupt priority switch selectable 


The SBC 501 is a member of Intel’s complete line of SBC 80 OEM Computer Systems. The SBC 501 interfaces directly with 
any SBC 80 Single Board Computer based system, via the system bus. High-speed, Direct Memory Access control and inter- 
facing for transfers between SBC 80 expansion board memory and up to 16 peripheral devices is provided. 
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SBC 501 
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Block lengths up to 65,536 bytes long may be transferred 
directly to or from RAM memory in SBC 80 systems at 
rates up to 1 million words per second. The SBC 501 16-bit 
addressing capability allows transfers to take place at any 
location within memory. It is designed to control the 
direct transfer of data to or from Intel SBC 80 Memory 
Expansion or Combination Memory and I/O Boards. Two 
transfer modes of operation are included. System software 
is used to select the desired mode. Transfer rates up to 
330K words per second may be achieved in the Shared Bus 
Mode, wherein the SBC 501 requests access to the system 
bus for 600 ns to perform a transfer of one word to or from 
memory. The second mode, the Override Mode, establishes 
the DMA Controller as the only master which may access 
the system bus during the transfer period, thereby provid- 
ing rapid block transfer capability. This mode provides 
transfer rates up to 1 million words per second. Either 
mode may be used with the SBC 80/20 Single Board Com- 


puter. The SBC 80/10 Single Board Computer may only 
interact with the SBC 501 in the Shared Bus Mode. 


A 4-bit TAG register is provided which may be used as a 
device select port to provide selection for four (up to 16 
with external decoding) high-speed peripheral devices 
interfacing through the SBC 501. Four timing strobes are 
provided for the control of data input transfers and four 
timing strobes are provided for output transfer operations. 
Strobes are initiated and selected via system software, and 
strobe pulses are jumper-selectable to 100, 200, 400, 800, 
or 1600 ns widths. Interrupt requests originating from 
the DMA Controller are software maskable, active-low, and 
switch-selectable to any one of eight priority levels. User- 
selected DMA Interrupt requests may originate automatic- 
ally upon completion of a transfer operation, from an 
external DMA device, or from a software command to the 
DMA Controller (for system testing purposes). 


PRIORITY 
SELECTION 
(ROTARY 
SWITCH) 


—--! 


ADDRESS 


SBC 80 BUS 


INTERRUPT 


ADDRESS/COMMAND 


MEMORY 
ADDRESS REGISTER 
WORD COUNT 
REGISTER 


3 — 


$$ EX TERNAL INTERRUPT REQUEST 


CONTROL 
EXTERNAL INTERRUPT MASK 


DECODE 


——- INPUT COMMAND STROBES (4) 


—. OUTPUT COMMAND STROBES (4) 


DATA IN 


STATUS/CONTROL IN 


Peas TAG REGISTER 


SBC 501 DMA CONTROLLER BLOCK DIAGRAM 
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SBC 501 


SPECIFICATIONS 


WORD SIZE 
8 bits 


BLOCK SIZE 
65,536 words, maximum 


ADDRESSING CAPABILITY 
65,536 words 


TRANSFER RATES 
TRANSFER RATES (K bytes/sec) ! 
Memory Read Memory Write 
Operations Operations 
Typical | Worst Cae | Typical | Worst Gane™ 
SHARED BUS, 
CPU Halted 330 270 
SHARED BUS, 
CPU Executing 
Code? 
Notes: 1. Transfer rates given are to and from RAM memory on 
SBC 104 or SBC 108 Combination Memory and I/O 
Boards. 
2. Shared Bus Mode may be used with Intel® SBC 80/10 
or Intel® SBC 80/20. SBC 80/20 may also operate in 
Override Mode. 
3. Assumes every DMA transfer must wait for RAM RE- 
FRESH CYCLE to be completed, worst case memory 
cycle times. 


INTERRUPTS 

Interrupt requests originating from the DMA Controller 
are software maskable, active-low, and switch-selectable 
to any one of eight priority levels. User-selectable DMA 
Interrupt requests may originate automatically upon 
completion of a transfer operation, from an external 
DMA device, or from a software command to the DMA 
Controller (for system testing purposes). 


KEY REGISTERS 

CONTROL REGISTER (6 bits) 
The contents of the control register specify the BUSY 
status of the DMA Board, the type of operation to be 
performed (transfer or non-transfer), the transfer direc- 
tion (to or from memory), the interrupt condition (en- 
abled or disabled), and the means by which the DMA 
Board is using the system bus (Shared Mode or Override 
Mode). 

MEMORY ADDRESS REGISTER (16 bits) 
Contains the address of the next memory location to be 
accessed by the SBC 501. Loaded from the CPU, prior 
to a transfer operation, with the address of the first 
memory location to be accessed. The address is gated 
onto the system address bus during each transfer, and 
incremented by one for each word transferred. 

LENGTH REGISTER (16 bits) 
Contents of this register specify the total number of 
words to be transferred. This word count is decremented 
by one after each word is transferred. The transfer stops 
when the word count equals zero. 

TAG REGISTER (4 bits) 
The contents of the TAG REGISTER are used as control / 
select lines to the external peripheral devices being inter- 
faced by the SBC 501 (e.g., as the “‘go’’ command line 
to each of four devices), or the TAG REGISTER out- 
puts may be used with external decoding to expand the 
maximum number of DMA peripherals to 16. 


STATUS REGISTER (8 bits) 
Provides 4 bits of DMA Controller status: Software 
Interrupt, Memory READ/WRITE operation requested, 
External/End-of-Transfer Interrupt, and DMA Controller 
BUSY. The STATUS REGISTER also provides four 
status/control bits directly from user peripheral devices. 


ADDRESS SELECTION 
SBC 501 Registers are located in a Jumper-Selectable 
Block starting at any 16-word boundary in the I/O 
address space. 


Register locations: 


Address! | 1/0 Operation | Function 


Output Strobe 0 

Output Strobe 1 

Output Strobe 2 

Output Strobe 3 

Output Tag Strobe 

Set Interrupt 

Reset Interrupt 

Load Control Register 
Load Tag Register 

Load LSB Length Register 
Load MSB Length Register 
Load LSB Memory Address Register 
Load MSB Memory Address Register 
Input Command Strobe 0 
Input Command Strobe 1 
Input Command Strobe 2 
Input Command Strobe 3 
Read LSB Length Register 
Read MSB Length Register 
Read DMA Status 

Invalid Command 


Note: 1. X is any HEX digit, assigned by jumpers. 


CONNECTORS 


No. of Pins Centers ; 
BUS CDC VPBO1E43D00A1 
Viking 2VH43/1AV5 
vo Intel® MDS 990 
Viking 3VH50/1JN5 


INTERFACE CHARACTERISTICS 

1/O Line Driver Sink Current: 48 mA 

1/0 Line Terminator Load: 1502 pull-up 

Inputs: Data positive relative to data bus 

Outputs: Data positive relative to data bus 

Output Strobes: Jumper-selectable to 100, 200, 400, 
800, or 1600 ns pulse widths. 

All 1/O interface data and control signals are TTL com- 
patible and SBC 80 BUS compatible. 


PHYSICAL CHARACTERISTICS 


Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 


Weight: 120z (340.5 gm) 


ELECTRICAL CHARACTERISTICS 
DC Power: 
Vcc = 5V +5% 
lcc = 3.35A max; 2.70A typical 


ENVIRONMENT 
Operating Temperature: O°C to 55°C 


EQUIPMENT SUPPLIED 


SBC 501 DMA Controller Board 
SBC 501 Schematic 


inte 
SBC 80P PROTOTYPE PACKAGE 


SBC 80/10 Single Board Computer Two 50-pin unterminated flat cables with connec- 


tors that mate with SBC 80/10 parallel 1/O PC edge 


SBC 604 Cardcage/Backplane with compatible RATGEEOKS 


power supply cables 


Comprehensive System Monitor residing on two 
Intel® 8708 EPROMs 


RS232C and TTY cables to interface the SBC 
80/10 to any RS232C compatible device or tele- SBC 905 Universal Prototype Board for interfacing 
typewriter custom hardware to the SBC 80/10 


Full complement of EPROMs, I/O line drivers, and 
1/O line terminators 


The SBC 80P Prototype Package contains all the hardware, software, and documentation necessary to evaluate Intel’s SBC 
80/10 Single Board Computer for OEM applications. 
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The heart of the SBC 80P Prototype Package is the SBC 
80/10 Single Board Computer, a complete computer on a 
single 6.75-by-12 inch printed circuit board. The SBC 
80/10 includes an 8080A CPU, 1K bytes of RAM memory, 
sockets for 4K bytes of EPROM memory, 48 programmable 
parallel 1/O lines with sockets for interchangeable line 
drivers and terminators, a programmable synchronous/ 
asynchronous communications interface with RS232C and 
teletype compatibility, a multi-source single level interrupt 
network and bus drivers for memory and |/O expansion. 


An SBC 604 Modular Cardcage/Backplane is included to 
house the SBC 80/10 and provide an easily accessible bus 
interface. The SBC 604 houses the SBC 80/10 and up to 
three expansion boards. All SBC 80 bus signals are present 
on all four mating connectors. Also included are two power 
supply cables, which mate with the power supply connec- 
tors on the backplane, to carry +5 and +12 volts DC. 


A comprehensive system monitor, residing in two Intel® 
8708 EPROMs, is included to facilitate the loading, execu- 
tion, and debug of SBC 80/10 based programs. Monitor 
commands include the ability to read and write hexadeci- 
mal paper tapes, execute pre-defined program segments, 
display and alter memory contents, display and alter CPU 
register contents. Monitor commands and resulting infor- 
mation may be initiated and displayed using a teletype or 
CRT terminal. Two cables are provided for this purpose. 
The first interconnects the serial PC edge connector on the 
SBC 80/10 to any RS232 compatible device. The second 
connects the RS232C cable to a teletype. 


Wire-wrap jumpers on the SBC 80/10 select either teletype 
or RS232C operation and a jumper selectable baud rate 


generator on the SBC 80/10 is used to select the appropri- 
ate communications frequency. 


Two 50-pin unterminated flat cables are included to facili- 
tate interfacing the 48 parallel 1/O lines on the SBC 80/10 
to user designated I/O devices. The 48 programmable 1/0 
signal lines and corresponding 48 ground lines on the SBC 
80/10 are brought out to two 50-pin PC edge connectors 
where they mate with the two fiat cables. The cables are 
left unterminated to allow the user to provide the appro- 
priate mating connector for any application. 


The SBC 80P prototype package includes a full comple- 
ment of EPROMs, !/O line drivers, and I/O line terminators. 
Four Intel 8708 EPROMs (1K bytes each) are included. 
Two EPROMs contain the system monitor and two are un- 
programmed. Ten 7437 48-milliamp TTL quad 1/O tine 
drivers, ten Intel SBC 901 22082/330Q line terminators, 
and ten SBC 902 1 kQQ line terminators are included. 


An SBC 905 Universal Prototype Board is provided to facil- 
itate the construction of SBC 80/10 customized |/O and/or 
memory hardware. The SBC 905 plugs directly into the 
SBC 604 Cardcage/Backplane and can house up to 95 
16-pin wire-wrap sockets or an equivalent mix of 14, 16, 
18, 22, 24, 28, or 40-pin sockets. 


The SBC 80P Prototype contains all the in-depth documen- 
tation needed to program and interface the SBC 80/10 
Single Board Computer. An 8080 Assembly Language 
Manual, PL/M Programming Manual, SBC 80/10 Hardware 
Reference Manual, and SBC 80P User’s Guide are all 
included to provide clear and concise information relevant 
to the use of the SBC 80/10 in OEM equipment. 
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1. Interrupts originating from the Programmable Communications Interface and Programmable Peripheral Intertace are jumper selectable. 
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SBC 80P 


SPECIFICATIONS 


SINGLE BOARD COMPUTER 
(1) SBC 80/10 Single Board Computer 


CARDCAGE/BACKPLANE 
(1) SBC 604 Modular Cardcage/Backplane with capacity 
for four SBC boards. 


CABLES 

(2) Power Supply Cables (2 ft long): 
Both required for +5, +12 volts DC; mate with SBC 
604. 

(2) 50-wire parallel !/O Flat Cables (5 ft long): 
Both mate with SBC 80/10 50-pin parallel 1/O PC 
edge connectors. 

(1) RS232C Cable (2 ft long): 
Flat cable with 26-pin SBC 80/10 connector on one 
end and a standard 25-pin RS232C connector on 
the other end. 

(1) TTY Cable (5 ft long): 
Interconnects RS232C cable with teletype; 25-pin 
RS232C mating connector on one side; seven spade 
lugs on the other end. 


1/O LINE DRIVERS AND TERMINATORS 
(10) 7437 48 mA totem-pole line drivers 
(10) SBC 901 22082/3302 terminators 
(10) SBC 902 1 kQ2Q terminators 


UNIVERSAL PROTOTYPE BOARD 

(1) SBC 905 Universal Prototype Board with capacity for 
95 16-pin wire-wrap sockets or equivalent mix of 14, 
16, 18, 22, 24, 28, or 40-pin sockets; compatible with 
SBC 604 cardcage/backplane. 
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SYSTEM MONITOR 
Addresses: 

O000—O6F Fy (ROM; 3F80—3FFFY (RAM) 
Commands: 

Display Memory (D) 

Program Execute (G) 

Insert Instructions into Memory (1) 

Move Memory (M) 

Read Hexadecimal File (R) 

Substitute Memory (S) 

Write Hexadecimal File (W) 

Examine and Modify CPU Registers (X) 
Drivers: 

Console Input 

Console Output 

Reader Input 

Punch Output 


Breakpoints: 
A hardware breakpoint capability may be imple- 
mented by an interrupt service routine beginning at 
RAM location 3C3Dy. Typically, a 2-byte call is used. 
Interrupt generation at the breakpoint may be accom- 
plished by user hardware or by insertion of single byte 
calls at instruction boundaries. 


LITERATURE 
8080 Assembly Language Manual 
SBC 80/10 Hardware Reference Manual 
SBC 80P User’s Guide 
SBC 80/10 Schematics 


intel 
SBC 80P20 PROTOTYPE PACKAGE 


SBC 80/20 Single Board Computer SBC 530 Teletypewriter Adapter and TTY cable to 
interface the SBC 80/20 to teletypewriters 


SBC 604 Cardcage/Backplane with compatible Two 50-pin unterminated flat cables with con- 
power supply cables nectors that mate with SBC 80/20 parallel 1/O 
PC edge connectors 


Comprehensive System Monitor residing on two 


Intel© 8708 EPROMs Full complement of EPROMs, !/O line drivers, and 


1/O line terminators 


RS232C cable to interface the SBC 80/20 to SBC 905 Universal Prototype Board for interfacing 
RS232C compatible devices custom hardware to the SBC 80/20 


The SBC 80P20 Prototype Package contains all the hardware, software, and documentation necessary to evaluate Intel’s SBC 
80/20 Single Board Computer for OEM applications. 


g 


Oy 
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SBC 80P20 


The heart of the SBC 80P20 Prototype Package is the SBC 
80/20 Single Board Computer, a complete computer on a 
single 6.75-by-12 inch printed circuit board. The SBC 
80/20 includes an 8080A CPU, 2K bytes of RAM memory, 
sockets for 4K bytes of EPROM memory, full multi-master 
bus arbitration logic which allows up to 16 CPU or con- 
troller masters to share the SBC 80 system bus, full pro- 
grammable multi-mode eight-level vectored interrupt, two 
programmable interval timers which may be used as real- 
time clocks or for controlled 1/O timing, 48 programmable 
parallel 1/O lines with sockets for interchangeable line 
drivers and terminators, and a programmable synchronous/ 
asynchronous communications interface with RS232C 
compatibility. Baud rates for the communications interface 
are software programmable. Systems software is used to 
select the appropriate communications frequency. Bus 
drivers are also included for memory and I/O expansion. 


An SBC 604 Modular Cardcage/Backplane is included to 
house the SBC 80/20 and provide an easily accessible bus 
interface. The SBC 604 houses the SBC.80/20 and up to 
three expansion boards. All SBC 80 bus signals are present 
on all four mating connectors. Also included are two power 
supply cables, which mate with the power supply con- 
nectors on the backplane, to carry +5 and +12 volts DC. 


A comprehensive system monitor, residing in two Intel® 
8708 EPROMs, is included to facilitate the loading, execu- 
tion, and debug of SBC 80/20 based programs. Monitor 
commands include the ability to read and write hexadeci- 
mal paper tapes, execute pre-defined program segments, 
execute single program instructions, BREAK program 
execution or any of seven system conditions, display, move, 
and alter memory contents, display and alter CPU register 
contents, and read and write memory contents from or to 
paper tape. Monitor commands and resulting information 
may be initiated and displayed using a teletypewriter or 
CRT terminal. Two cables and an SBC 530 Teletypewriter 
Adapter are provided for this purpose. The first intercon- 


nects the serial PC edge connector on the SBC 80/20 to 
any RS232C compatible device. For teletypewriter inter- 
faces, the SBC 530 Teletypewriter Adapter converts 
RS232C signals from the RS232C cable to a 20 mA current 
loop interface. The TTY cable then mates these signals 
directly to a teletypewriter. Any of eight standard baud 
rates may be used with the Monitor. A special ‘‘Baud Rate 
Search” capability is built into the Monitor which deter- 
mines the baud rate of terminal used automatically. 


Two 50-pin unterminated flat cables are included to facili- 
tate interfacing the 48 parallel |/O lines on the SBC 80/20 
to user designated !/O devices. The 48 programmable |/O 
signal lines and corresponding 48 ground lines on the SBC 
80/20 are brought out to two 50-pin PC edge connectors 
where they mate with the two flat cables. The cables are 
left unterminated at the user end to allow the user to pro- 
vide the appropriate mating connector for any application. 


The SBC 80P20 Prototype Package includes a full comple- 
ment of EPROMs, I/O line drivers, and 1/O line terminators. 
Four Intel 8708 EPROMs (1K bytes each) are included. 
Two EPROMs contain the system monitor and two are un- 
programmed. Eight 7437 48-milliamp TTL quad 1/O line 
drivers, eight Intel SBC 901 2202/3302 line terminators, 
and eight SBC 902 1 k{2 line terminators are included. 


An SBC 905 Universal Prototype Board is provided to facil- 
itate the construction of SBC 80/20 customized I/O and/or 
memory hardware. The SBC 905 plugs directly into the 
SBC 604 Cardcage/Backplane and can house up to 95 
16-pin wire-wrap sockets or an equivalent mix of 14, 16, 
18, 22, 24, 28, or 40-pin sockets. 


The SBC 80P20 Prototype Package contains all the in-depth 
documentation needed to program and interface the SBC 
80/20 Single Board Computer. An 8080 Assembly Lan- 
guage Manual, PL/M Programming Manual, SBC 80/20 
Hardware Reference Manual, and SPC 80P20 User’s Guide 
are all included to provide clear and concise information 
relevant to the use of the SBC 80/20 in OEM equipment. 
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SBC 80P20 


ee a a 


SPECIFICATIONS 


SINGLE BOARD COMPUTER SYSTEM MONITOR 
(1) SBC 80/20 Single Board Computer Addresses: 
0000—069Cy (ROM); 3F80—3FFFyY (RAM) 
CARDCAGE/BACKPLANE Commands: 
(1) SBC 604 Modular Cardcage/Backplane with capacity Display Memory (D) 
for four SBC 80 boards. Execute Program (G) 
Insert Instruction or Data into Memory (I) 
INTERFACE ADAPTER Move Memory (M) 
(1) SBC 530 Teletypewriter Adapter which converts Execute Next Instruction (i.e., Single Step) (N) 
RS232C levels to 20 mA current loop interface. Read Hexadecimal File (R) 
Substitute Memory (S) 
CABLES Write Hexadecimal File (W) 
(2) Power Supply Cables (2 ft long): Examine and Modify CPU Registers (X) 
Both required for +5, +12 volts DC; mate with SBC Drivers: 
604. Console Input 
(2) 50-wire parallel |/O Flat Cables (5 ft long): Console Output 
Both mate with SBC 80/20 50-pin parallel 1/0 PC Reader Input 
edge connectors, unterminated at user end. Punch Output 
(1) RS232C Cable (2 ft long): Breakpoints: 
Flat cable with 26-pin SBC 80/20 connector on one Program BREAKing may occur upon any of up to 
end and a standard 25-pin RS232C connector on seven system conditions. BREAKs are implemented 
the other end. via the SBC 80/20 Programmable Interrupt Controller. 
(1) TTY Cable (5 ft long): Upon a BREAK; BREAK level, all CPU registers, and 
Interconnects SBC 530 Teletypewriter Adapter with the next instruction (Op Code) are displayed at the 
teletypewriter; 25-pin RS232C mating connector on console. 
one end; seven spade lugs on the other end. Baud Rates: 
Baud Rate Search capability automatically sets serial 
[/O LINE DRIVERS AND TERMINATORS baud rate to that of system console. Allowable baud 


(8) 7437 48 mA totem-pole line drivers rates include 110, 150, 300, 600, 1200, 2400, 4800, 


(8) SBC 901 2202/3302 terminators and 9600. 
(8) SBC 902 1 kQ terminators 


LITERATURE 
UNIVERSAL PROTOTYPE BOARD 8080 Assembly Language Manual 
(1) SBC 905 Universal Prototype Board with capacity for SBC 80/20 Hardware Reference Manual 
95 16-pin wire-wrap sockets or equivalent mix of 14, SBC 80P20 User’s Guide 
16, 18, 22, 24, 28, or 40-pin sockets; compatible with SBC 80/20 Schematics 
SBC 604 cardcage/backplane. SBC 530 Schematics 
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SBC 530 TELETYPEWRITER ADAPTER 


Compatible with SBC 80/20 Single Board Com- Interface opto-isolated for high noise immunity 
puter 

Provides general-purpose RS232C to 20 mA cur- 
Compatible with SBC 80 Combination Boards rent loop interface 
Jumper-selectable RS232C Data Set or Data Termi- Compact, easily mounted package with standard 
nal Configuration connectors 


The SBC 530 provides a compact and flexible means for interfacing the Intel® SBC 80/20 Single Board Computer, SBC 80 
Combination Memory and !/O Expansion Boards, and most RS232C compatible equipment to teletypewriters and other 
20 mA current loop equipment. 


The SBC 530 converts RS232C signal levels to an optically isolated 20 mA current loop interface. The SBC 530 provides 
signal translation for Transmitted Data (Txd), Received Data (RcD), and a teletypewriter paper-tape reader relay. The 
RS232C interfaces are jumper-selectable, and may be configured to accept signals from an RS232C Data Terminal or Data 
Set. Threaded holes have been incorporated in the SBC 530 for ease in system chassis design, and multiple units may be 
mounted together to support multiple serial channels. The units are mountable in any of three planes. 


When used with the SBC 80/20 Single Board Computer, power is provided to the SBC 530 directly through its RS232C 
connector. Power may also be provided through either of two auxiliary power connectors for standard current loop interfac- 
ing. The noise immunity benefits of total inter-system power isolation may be achieved through the use of both auxiliary 
power connectors on the SBC 530. 
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SBC 530 


SPECIFICATIONS 
INTERFACE CHARACTERISTICS PHYSICAL CHARACTERISTICS 
RS232C Side: Width: 2.876in. (7.31 cm), max 
RS232C Signal Levels in/out! Height: 4.850in. (12.32 cm), max 
TTY Side: Depth: 0.920in. (2.34 cm), max 
20 mA optically-isolated current loop Weight: 90z (255.4 gm) 
ENVIRONMENT 
Note 1. RS232C Data Set Ready line controls 20 mA paper-tape Operating Temperature: O°C to 55°C 


reader relay driver line. : 
Mating Connectors 


DB-25S | 
peter ITT Cannon DB-25S 


DB-25P 
Ome IN [TT Cannon | DB-25P 


871607 
ine 87023-1 
olarizing | g7446.9 
Key 
09-60-7071 
08-50-0106 
Molex 


Polarizing 15-04-0219 
Key 


POWER 
Power connectors for ground, +12V and -12V, are 
jumper-selectable. Power may be provided via 25-pin 
RS232C connector or via two separate auxiliary power 
connectors. Auxiliary connectors allow total power 
system isolation at SBC 530 Opto-coupler Interface. 


Power Requirements: 
Vpp = +12V +5% lop = 98 mA max 


diary P 
Van =-12V +5% — Ina = 98 mA max Auxiliary Power 


EQUIPMENT SUPPLIED 


SBC 530 Teletypewriter Adapter NOTE: 
SBC 530 Schematic 1. Pins from a given vendor may only be used with connectors 
SBC 530 Outline Drawing from the same vendor. 


SBC 530 
TTY ADAPTER 
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NOTES: 1. ALL DIMENSIONS IN INCHES. 
2. ALL FOUR MOUNTING HOLES THREADED FOR 6-32 MACHINE SCREWS. 
3. CUTOUTS FOR AUXILIARY POWER CONNECTORS. 


SBC 530 DIMENSIONS 
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SBC 604/614 MODULAR BACKPLANE 
AND CARDCAGE 


Interconnects and houses up to four Intel® SBC Cardcage mounting holes facilitate the intercon- 
boards. nection of two or more units. 


Connectors allow interconnection of two or more Compatible with 3.5 inch RETMA rack mount in- 
backplanes. crements. 


Dual backplane power supply connectors. 


The SBC-604 and SBC-614 Modular Backplane and Cardcage units provide low-cost, off-the-shelf solutions for OEM products 
using two or more Intel® SBC boards. Each unit interconnects and houses up to four Intel SBC boards. 


The SBC-604 contains a male backplane PC edge connector and bus signal termination circuits. It is suitable for applications 
requiring a single unit, or may be interconnected with the SBC-614 when more than one backplane/cardcage unit is needed. 
The SBC-614 contains both male and female backplane connectors, and may be interconnected with the SBC-604 and the 
other SBC-614 units. Both units are identical with the exception of the backplane connectors and bus signal terminator fea- 
tures. A single unit may be packaged in a 3.5-inch RETMA rack enclosure and two interconnected units may be packaged in 
a 7-inch enclosure. The units are mountable in any of three planes. The SBC-604 contains power supply connectors. 
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SBC 604/614 


SPECIFICATIONS 


BACKPLANE CHARACTERISTICS MATING POWER CONNECTORS: 
All SBC 80 address, data, and command bus lines are 
bussed to all four connectors on the Printed Circuit 
Backplane. 


Power connectors for ground, +5, —5, +12, —12, —10V 
volt power supply lines. 


SBC-604: 
Bus signal terminators, backplane male PC edge connec- 
tor only, and power supply headers. 


NOTE: 
1. Pins from a given vendor may only be used with connectors 
SBC-614: from the same vendor. 
Backplane male and female connectors. PHYSICAL DIMENSIONS 
Height: 8.5 in. (21.59 cm) 
Width: 14.2 in. (36.07 cm) 
Depth: 3.34 in. (8.48 cm) 
Weight: 35 oz. (992.23 gm) 
ENVIRONMENTAL 
Operating Temperature 
0°C to 55°C 
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2.750 


3200 | |<——_ > 
SIDE VIEW END VIEW 


———$_—_—_— 14.20 ——___—____}> 


SBC-614 ONLY 


SBC-604 ONLY ae 
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SBC 604/614 DIMENSIONS 
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SBC 630 POWER SUPPLY 


Provides +5 and +12 volt SBC 80 system voltages. Provides additional +26.5 volt supply. 


Sufficient power for a fully loaded Intel® Single 115 and 230 VAC operation. 
Board Compuer plus residual power for user 
functions. 50 Hz or 60 Hz input. 


Compact single chassis. Keyed standard AC and DC connectors. 


The SBC 630 Power Supply provides a low cost, off-the-shelf, single chassis power generation solution for OEM products 
using Intel® Single Board Computers. 


The SBC 630 provides regulated DC output power at +12, +5, -5, and —12 volt levels. The current capabilities of each of 
these output levels have been chosen to provide power over the temperature range of O° to +55°C for one Intel Single Board 
Computer fully loaded with I/O line terminators or drivers and four 8708 EPROMs plus residual capability for additional 
logic functions in OEM Systems. A +26.5 volt power level has also been provided for use in OEM Products for relay interfaces, 
displays, and for those OEM products requiring in-system 8708 EPROM programming capability. Current limiting protection 
is provided on the +12 volt and +5 volt outputs, and over-voltage protection is incorporated on the +5 volt output. Access to 
AC input and DC output power levels is provided via standard 4-pin and 14-pin keyed connectors, respectively. 


OC Oo rr Eee 
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SBC 630 


SPECIFICATIONS 


INPUT POWER 
Frequency: 47 to 63 Hz 


Voltage: 115 +10% and 230 +10% VAC 
Current: 1.8 amps max (at 125 VAC) 
OUTPUT POWER 


Output 
Voltage | Current (Max) | Accuracy 


MATING CONNECTORS’ 
AC Input 


02-09-1118 or equivalent 
(18 to 22 gauge wire) 


Polarizing 
Key 


NOTE: 
1. Pins from a given vendor may only be used with connectors 
from the same vendor. 


PHYSICAL CHARACTERISTICS 

Height: 3.35 in. (8.51 cm) max 

Width: 4.91 in. (12.40 cm) max 

Depth: 11.00 in. (27.95 cm) max 

Weight: 8.0 lb (3.63 Kgm) 
OVER-VOLTAGE PROTECTION 

5-volt output: Fixed within the range 6.08 volts to 6.72 

volts. 

LINE REGULATION 
(10% Line Voltage Change) 

+5 volt and +12 volt outputs: 0.1% 

-5§ volt, -12 volt and +26.5 volt outputs: 1% 
LOAD REGULATION 
(Half Load to Full Load) 

+5 volt and +12 volt outputs: 0.1% 

~5 volt, -12 volt and +26.5 volt outputs: 1% 


OUTPUT RIPPLE AND NOISE 

50 mV peak-to-peak on all outputs, maximum 
SHORT CIRCUIT CURRENT 

+5 volt output: 7.5 amp max. 

+12 volt output: 1.5 amp max. 
ENVIRONMENTAL 

Operating Temperature: O°C to +55°C 
EQUIPMENT SUPPLIED 


SBC 630 Power Supply 
SBC 630 User’s Manual (includes schematic) 


11.00 MAX 
SS 7.000 
i) 


@ AC INPUT HARNESS 6 +0.5’° LONG, FROM | 
INDICATED CORNER. 


LOCATION OF DC CONNECTOR (ITEM @ ) 
IS WITHIN CROSS-HATCHED VOLUME. 
INDICATED CORNER. 


@ 18 AWG CHASSIS GND WIRE 8” LONG FROM 
® DC CONNECTOR, PIN 10 REMOVED AS KEY. 


ALL FOUR HOLES THREADED FOR 8-32 MACHINE SCREWS. 


oo 
LY) 


Vy 


\ 
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SBC 630 MOUNTING INFORMATION 
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SBC 635 POWER SUPPLY 


Provides +5 and +12 volt SBC 80 system power. 


Sufficient power for a fully loaded Intel® Single 
Board Computer plus residual power for up to 
three Intel SBC Expansion Boards. 


Compact single chassis. 


“AC Low” Power Failure TTL logic level output 
provided for System Power-Down Control. 


The SBC 635 Power Supply provides a low cost, off-the-shelf, 


using Intel® SBC Boards. 


Current limiting and overvoitage protection on all 
outputs. 


100, 115, 215, and 230 VAC operation. 


50 Hz or 60 Hz input. 


DC Power Cables and connectors mate directly to 
SBC 604 Backplane/Cardcage Assembly. 


single chassis power generation solution for OEM products 


The SBC 635 provides regulated DC output power at +12, +5, -5, and -12 volt levels. The current capabilities of each of 
these output levels have been chosen to provide power over O° to +55°C temperature range for an Intel Single Board Com- 
puter fully loaded with I/O line terminators and drivers, and four 8708 EPROMs plus residual capability for most combina- 
tions of up to three SBC memory, I/O, or combination expansion boards. 


Current limiting and over-voltage protection is provided on all outputs. Access for AC input is provided via a standard 4-pin 
keyed connector. DC output power levels are provided on cables with keyed connectors which are directly compatible with 
the SBC 604 Modular Backplane/Cardcage assembly. The SBC 635 includes logic which senses a system AC power failure and 


generates a TTL signal for clean system power-down control. 
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SBC 635 


SPECIFICATIONS 


INPUT POWER 
Frequency: 47 to 63 Hz 


Voltage: 100 VAC +10%, 115 VAC +10%, 215 VAC 
+10%, 230 VAC +10% via user-provided 
wiring options 

OUTPUT POWER 
Output Current Over-V oltage 
Voltage | Current (Max) | Limit (Max) Protection 
+12 +14 to+i6 volts 
+ 5 5.8 to 6.6 voits 
-~ 5 - 5.8to- 6.6 volts 


-12 -14 to-16- volts 


MATING CONNECTORS! 
AC Input | 


Molex 03-09-1042 or equivalent 


02-09-1118 or equivalent 
(18 to 22 gauge wire) 


Molex 


DC Output? 


tie Molex 09-66-1071 
AMP 87194-6 


“AC Low” Control 


Molex 09-50-7071 


AMP 87159-7 
Polarizing Molex 15-04-0219 
Key AMP 87116-2 


Molex 08-50-0106 (18 to 22 gauge wire) 


‘ 
AMP 87023-1 (18 to 22 gauge wire) 


PHYSICAL CHARACTERISTICS 
Height: 3.19 in. max (8.11 cm) 
Width: 6.03 in. max (15.32 cm) 
Depth: 12.65 in. max (32.12 cm) 
Weight: 13 1b (5.90 Kgm) 


Connector 


REMOTE SENSING 
Sensing provided for +5 volt output. 


LINE REGULATION 
+0.1% for 10% line change.* 


LOAD REGULATION 
+0.1% for 50% load change. 


OUTPUT RIPPLE AND NOISE 
10 mV peak-to-peak maximum (DC to 500 kHz).° 


TRANSIENT RESPONSE 
Less than 50 usec for 50% load change.? 


OUTPUT VOLTAGE ACCURACY 
All outputs adjustable +5% from nominal.* 


POWER FAILURE INDICATION 
An active HIGH, TTL compatible output logic level is 
provided when input voltage falls below 103 VAC 
(RMS)® to indicate low AC input voltage conditions. All 
output voltages will remain within spec for one-half 
cycle (~8.3 msec @ 60 Hz) minimum after “AC Low” is 
asserted. 


ENVIRONMENTAL 
Operating Temperature: 0°C to 55°C 


EQUIPMENT SUPPLIED 
SBC 635 Power Supply with AC and DC Cables and 
Connectors attached as shown below. 
SBC 635 User’s Manual (includes schematic) 
NOTES: 


1. Pins from a given vendor may only be used with connectors 
from the same vendor. 


2. SBC 635 DC output connectors are directly compatible with 
power input power connectors on SBC 604 Modular Back- 
plane and Cardcage Assembly. 

3. All outputs. 

4. All outputs set to nominal voltage (no load) before delivery. 

5. 206 VAC (RMS) for 230 VAC (RMS) nominal input opera- 
tion. 


iY 


_ 11.625 
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@ HARNESS LENGTHS ARE FROM CENTER OF SURFACE 
“A" TO CONNECTOR 
a. DC OUTPUT 24 :0.5 INCHES TO P6 CONN. 
b. DC OUTPUT 16 +0.5 INCHES TO P8 CONN. 
c. AC INPUT 12 + 0.5 INCHES TO P2 CONN. 


@ LOCATION OF “AC LOW” SIGNAL CONNECTOR IS WITHIN 
CROSS-HATCHED VOLUME, ORIENTATION MAY VARY. 


@) ALL FOUR MOUNTING HOLES THREADED FOR 10-24 
MACHINE SCREWS. 


fe 3.19 MAX | 
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SBC 635 MOUNTING INFORMATION 
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INTELLEC® MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTRODUCTION 


Intel OEM Computer Systems products and microcomputer components are supported by the most advanced system develop- 
ment tools available today: The Intellec® Microcomputer Development System, its In-Circuit Emulators, and its complement 
of advanced development software. Software packages available for use directly on the Intellec system include a resident 
relocatable and linkable macro-assembler, a text editor, operating systems, and utility programs. PL/M, the high-level pro- 
gramming language Intel specifically designed for 8080-based systems, is also available resident on the Intellec system. The 
PL/M-80 compiler provides the capability to program in a natural, algorithmic language, and eliminates the need to manage 
register usage or allocate memory. 
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INTELLEC® 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Modular microcomputer development system for 
development and implementation of MCS™-48, 
MCS-80, MCS-85, and Series 3000 Microcomputer 
Systems 


Intel® 8080 microprocessor, with 2 ys cycle time 
and 78 instructions, controls all Intellec functions 


Supports assemblers for 8080, 8085, and 8748 
and resident complier for PL/M 


a 


16K bytes RAM memory expandable to 64K bytes 


2K bytes ROM memory expandable with 6K or 
16K PROM/ROM boards 


Hardware interfaces and software drivers provided 
for TTY, CRT, line printer, high-speed paper tape 
reader, high-speed paper tape punch, and Universal 
PROM Programmer 


Universal bus structure with multiprocessor and 
DMA capabilities 


Eight level nested, maskable, priority interrupt 
system 


Optional PROM programmer peripheral capable of 
programming all Intel PROMs 


ICE™ (In-Circuit Emulator) options extend Intel- 
lec diagnostic capabilities into user configured 
system allowing real-time emulation of user proces- 
sors 


Optional I/O modules expandable in groups of four 
8-bit input and output ports to a maximum of 88 
ports (all TTL compatible) 


ROM resident system monitor includes all neces- 
sary functions for program loading, debugging, and 
execution 


RAM resident macro assembler used to assemble all 
MCS 48, 80, and 85 machine instructions with full 
macro and conditional assembly capabilities 


RAM resident text editor with powerful string 
search, substitution, insertion, and deletion com- 
mands 


The Intellec® Development System is a modular microcomputer development system containing all necessary hardware and soft- 
ware to develop and implement Intel microcomputer and microcomputer systems. The addition of options and peripherals pro- 
vides the user with a complete in-circuit microcomputer development system, supporting product design from program develop- 
ment through prototype debug, to production and field test. 


INTELLEC® SYSTEM 
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INTELLEC HARDWARE 


The standard Intellec® System consists of four microcom- 
puter modules (CPU, 16K RAM Memory, Front Panel Con- 
trol, and Monitor), an interconnecting printed circuit 
motherboard, power supplies, fans, a chassis, and a front 
panel. Modular expansion capability is provided by 14 
additional sockets on the motherboard. 


The CPU module uses Intel’s powerful NMOS 8-bit 8080 
microprocessor. The 8080's 2 ws cycle time, 78 instruc- 
tions, unlimited subroutine nesting, vectored interrupt, and 
DMA capabilities are fully utilized by the Intellec System 
Bus control logic resolves bus contention conflicts between 
the CPU module and other modules capable of acquiring 
control of the bus. The CPU module interfaces with a six- 
teen line address bus and a bidirectional eight line data bus. 
8080 status signals are decoded and utilized for memory 
and 1/O operations. An eight-level, nested interrupt priority 
system, complete with an interrupt priority push-down 
stack, resolves contention for 8080 interrupt servicing. 


The RAM memory module contains 16K bytes of Intel 
2107A dynamic RAM which operates at full processor 
speed. All necessary address decoding and refresh logic is 
contained on the module. 


The front pane! control module provides system initializa- 
tion, priority arbitration, and real time clock functions. 
System initialization routines reside in a 256 byte, PROM 
resident, bootstrap loader. An eight-level priority arbitra- 
tion network resolves bus contention requests among poten- 
tial bus masters. A 1 ms interrupt request generator, which 
can be disabled under program control, provides real time 
clock functions. A 10 ms automatic time-out feature is also 
provided to force an interrupt request if nonexistent mem- 
ory or I/O is addressed. 


The Monitor module contains the Intellec system monitor 
and all Intellec peripheral interface hardware. The system 
monitor resides in a 2K byte Intel 8316 ROM. The module 
contains all necessary control and data transfer circuitry 
to interface with the following Intellec peripherals: 


Teletype 

CRT 

High Speed Paper Tape Reader 
High Speed Paper Tape Punch 
PROM Programmer 

Line Printer 


The Intellec universal bus structure enables several CPU 
and DMA devices to share the bus by operating at dif- 
ferent priority levels. Resolution of bus exchanges is syn- 
chronized by a bus clock signal which is derived independ- 
ently from processor clocks. Read/write transfers may take 
place at rates up to 5 MHz. The bus structure contains pro- 
visions for up to 16-bit address and data transfers and is not 
limited to any one Intel microcomputer family. 


The Intetlec front panel is intended to augment the pri- 
mary user interaction medium, the system console. fhe 
simplicity of the front panel coupled with the power of the 
system monitor provides an efficient user/Intellec interface. 
The front panel contains eight interrupt request switches 
with corresponding indicators, CPU RUN and HALT status 
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indicators, a bootstrap loader switch, RESET switch, and a 
POWER ON switch and indicator. 


The basic Intellec capabilities may be significantly en- 
hanced by the addition of the following optional features. 


ICE™ (In-Circuit Emulator) extends Intellec diagnostic 
capabilities into user configured systems. The Intellec resi- 
dent:ICE processor operates in conjunction with the host 
CPU and interfaces to the user system via an external cable. 
The ICE processor replaces the user system processor pro- 
viding real time emulation capability. Resident memory 
and !/O may be substituted for equivalent user system 
elements; allowing the hardware designer to sequentially 
develop his system by integrating Intellec and user system 
hardware. Display and debug hardware eliminate the need 
for specially constructed user system equivalents. Augment- 
ing these capabilities are such powerful ICE debug func- 
tions as setting breakpoints, tracing program flow, single 
stepping, examining and altering CPU registers and memory 
locations. 


The Universal PROM Programmer is an Intellec peripheral 
capable of programming and verifying the following Intel 
PROMs: 1702A, 2704, 2708, 3601, 3604, 3624, 8702A, 
8704, 8708, 8748, and 8755. Programming and verification 
operations are initiated from the Intellec system console 
and are controlled by programs resident in the Intellec and 
Universal PROM Programmer. 


The addition of a single or dual drive Diskette Operating 
System significantly reduces program development time. 
An intelligent controller, constructed around Intel’s power- 
ful Series 3000 computing elements, provides diskette 
interface and control. Intel’s software operating system 
(IDOS) in conjunction with the diskette operating system 
hardware provides a highly efficient and easy to use method 
of assembling, editing, and executing programs. 


Customized user I/O requirements may be satisfied by 
adding 1/O modules. Each 1/O module contains four 8-bit 
input ports (latched or unlatched), four 8-bit latched out- 
put ports (with adjustable strobe pulses), and eight system 
interrupt lines. All inputs and outputs are TTL compatible. 
Optional I/O may be expanded to a maximum of 44 input 
and 44 output ports. 


Memory may be expanded by adding RAM or PROM mod- 
ules in user defined combinations. Up to 64K bytes of RAM 
may be added in 16K byte increments. PROM (Intel 8702A) 
may be added in 256 byte increments by adding PROM 
modules with socket capacity for 6K bytes and populating 
each module with the desired number of PROMs. Maximum 
PROM capacity is 12K bytes. RAM/PROM memory overlap 
is resolved by giving PROM priority. 


DMA (direct memory access) modules work in conjunction 
with the Intellec MDS universal bus to maximize the effi- 
ciency of data transfers between MDS memory and selected 
1/O devices. Each module contains all the necessary control 
and data transfer logic to implement a complete DMA 
channel. 


A ROM simulator composed of high speed bipolar RAM 
emulates Series 3000 bipolar microprogram ROM memory. 
Each ROM simulator module may be used in 512 X 16 or 
1024 X 8 configurations. 


INTELLEC® SYSTEM 
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INTELLEC SOFTWARE 


Resident software provided with the Intellec includes the 
system monitor, 8080 macro assembler and text editor. 
Used together, these three programs simplify program 
preparation and speed the debugging task. 


The system monitor provides complete control over oper- 
ation of the Intellec. All necessary functions for pro- 
gram loading and execution are provided. Additional com- 
mands provide extensive debug facilities and PROM pro- 
gramming functions. System peripherals may be dynami- 
cally assigned either via monitor commands or through calls 
to the system monitor's 1/O subroutines. 


Programs may be loaded from the reader device in either 
BNPF or hexadecimal format. Utility commands which aid 
in the execution and checkout of programs include: 


initialize memory to a constant 

move a block of memory to another location 
display memory 

modify RAM memory 

examine and modify CPU registers 

set break points 

initiate execution at any given address 
perform hexadecimal arithmetic 

examine and modify the interrupt mask 


The Intellec System Monitor contains a powerful and 
easily expandable input/output system, which is built 
around four logical device types; console device, reader 
device, punch device and list device. Associated with each 
logical device may be any one of four physical devices. The 
user controls physical device assignment to each logical 
device through a System command. 


Drivers are provided in the system monitor for the Universal 
PROM Programmer, ASR 33 teletype, high speed paper 
tape reader, high speed paper tape punch, line printer, and 
CRT. The user may write his own drivers for other periph- 
eral devices and easily link them to the system monitor. 


All system peripherals may be accessed simply by calling 
|/O subroutines in the system monitor. In addition, the user 
may dynamically reconfigure his system by monitor com- 
mands or by calling system subroutines which can assign a 
different physical device to each logical device. The user 
may also determine the current system peripheral configu- 
ration, check I/O status and determine the size of available 
memory. 


The monitor is written in 8080 Assembly Language and 
resides in 2K bytes of ROM memory. 


The Intellec Resident Assembler translates symbolic 8080 
assembly language instructions into the appropriate ma- 
chine operation codes. In addition to eliminating the 
errors of hand translation, the ability to refer to program 
addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions. Full macro 
capability eliminates the need to rewrite similar sections of 
code repeatedly and simplifies program documentation. 
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Conditional assembly permits the assembler to include or 
delete sections of code which may vary from system to 
system, such as the code required to handle optional 
external devices. 


The assembler performs its function in three passes. The 
first pass builds the symbol table. The second pass pro- 
duces a source listing and provides error diagnostics. The 
third pass produces the object code. If the punch and list 
devices are separate (e.g. a high speed punch or printer is 
available) passes 2 and 3 may be combined into one pass. 


Object code produced by the assembler is in hexadecimal 
format. It may be loaded directly into the Intellec for 
execution and debugging or may be converted by the sys- 
tem monitor to BNPF format for ROM programming. 


The assembler is written in PL/M-80, Intel’s high level 
systems programming language. It occupies 12K bytes of 
RAM memory including space for over 800 symbols. The 
symbol table size may be expanded to a maximum of 6500 
symbols by adding RAM memory. All !/O in the assembler 
is done through the system monitor, enabling the assembler 
to take advantage of the monitor's 1/O system. The assem- 
bler is shipped in hexadecimal object format on paper tape 
or diskette and is standard with each Intellec. 


The Intellec editor is a comprehensive tool for the entry 
and correction of assembly language programs for the 
Intel 8080 microcomputer. Its command set allows manipu- 
lation of either entire lines of text or individual characters 
within a line. 


Programs may be entered directly from the console key- 
board or from the system reader device. Text is stored 
internally in the editor’s workspace, and may be edited 
with the following commands: 


® string insertion or deletion 
e string search 
e string substitution 


To facilitate the use of these editing commands, utility 
commands are used to change positions in the workspace. 
These include: 


e move pointer by line or by character 
e move pointer to start of workspace 
e® move pointer to end of workspace 


The contents of the workspace may be listed to the system 
console or written to the system list or punch device for 
future use. 


The text editor is written in PL/M-80. It occupies 8K 
bytes of RAM memory, including over 4500 bytes of work- 
space. The workspace may be expanded to a maximum of 
58K bytes by adding RAM memory. All !/O in the editor is 
done through the system monitor, enabling the editor to 
take advantage of the monitor's 1/O system. The editor is 
shipped in hexadecimal object format on paper tape or 
diskette and is standard with each Intellec. 
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HARDWARE SPECIFICATIONS 


WORD SIZE 

Host Processor (Intel 8080) 
Data: 8 bits 
Instruction, 8, 16, or 24 bits 


MEMORY SIZE 
RAM: 16K bytes expandable to 64K bytes using optional 
modules. 


ROM: 2K bytes expandable to 14K bytes in 256 byte 
increments using optional PROM modules. 


PROM: 256 bytes expandable using optional 6K or 16K 
modules. 

Total: RAM, ROM and PROM may be combined in user 
defined configurations up to a maximum of 64K 
bytes. 


MACHINE CYCLE TIME 
Host Processor (Intel 8080): 2.0 uS 


BUS TRANSFER RATE 
Maximum bus transfer rate of 5 MHz. 


SYSTEM CLOCKS 

Host Processor (Intel 8080) Clock: Crystal controlled at 
2 MHz +0.1%. 

Bus Clock: Crystal controlled at 9.8304 MHz +0.1%. 


1/O INTERFACES 
CRT: 

Baud Rates: 110/300/600/1200/2400/4800/9600 
(selectable). 
Code Format: 7—12 level code (programmable). 
Parity: Odd/even (programmable). 
Interface: TTL/RS232C (selectable). 


TTY: 
Baud Rate: 110 
Code Format: 


Input: 10 level or greater. 
Output: 11 level. 

Parity: Odd. 

Interface: 20 mA current loop. 


High Speed Paper Tape Reader: 
Transfer Rate: 200 cps. 


Control: 2-bit output. 
1-bit input. 

Data: 8-bit byte 

Interface: TTL 

Punch: 

Transfer Rate: 75 cps 

Control: 2-bit output 
1-bit input 

Data: 8-bit byte 

Interface: TTL 


Printer: 
Transfer Rate: 165 cps 
Control: 2-bit status input 
1-bit output 
Data: ASCII 
Interface: TTL 
PROM Programmer: 
Control: 3 strobes for multiplexed output data. 
Data: 8-bit bidirectional 
Interface: TTL 


GENERAL PURPOSE 1/O (OPTIONAL) 

Input Ports: 8-bit TTL compatible (latched or unlatched); 
expandable in 4 port increments to 44 input 
ports. 

Output Ports: 8-bit TTL compatible (latched); expandable 
in 4 port increments to 44. 

Interrupts: 8 TTL compatible interrupt lines. 

INTERRUPT 

8-level, maskable, nested priority interrupt network initi- 

ated from front panel or user selected devices. 


DIRECT MEMORY ACCESS 

Standard capability on Intellec bus; implemented for user 
selected DMA devices through optional DMA module — 
maximum transfer rate of 2 MHz. 


MEMORY ACCESS TIME 
RAM: 450 ns 
PROM: 1.3 us using Intel 8708A PROM. 


PHYSICAL CHARACTERISTICS 
Dimensions: 8.5’ X 19” X 17” 

21.6 cm X 48.3 cm X 43.2 cm 
Weight: 65 |b (29.5 kg) 


ELECTRICAL CHARACTERISTICS 


DC POWER POWER SUPPLY BASIC SYSTEM CURRENT 
SUPPLY CURRENT REQUIREMENTS 
(Volts) (Amps) (Amps) 
Maximum Typical 
+ 5 45% 35.0 9.0 6.6 
+12 +5% 3.0 0.7 0.4 
-10 +5% 3.0 0.2 0.2 
—12 +5% 0.5 -— -_— 


AC POWER REQUIREMENTS 
50—60 Hz; 115/230 VAC; 150 Watts 


ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0 to 55°C 


INTELLEC® SYSTEM 
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SOFTWARE SPECIFICATIONS 


CAPABILITIES 
System Monitor: 
Devices supported include: 
ASR 33 teletype 
Intel high speed paper tape reader 
Paper tape punch 
CRT 
Printer 
Universal PROM programmer 
4 logical devices recognized 
16 physical devices maximum allowed 


Macro Assembler: 
800 symbols in standard system; automatically expand- 
able with additional RAM memory to 6500 symbols 
maximum. 
Assembles all seventy-eight 8080 machine instructions 
plus 10 pseudo-operators. 


Text Editor: 
12K bytes of workspace in standard system; auto- 
matically expandable with additional RAM memory to 
58K bytes. 


OPERATIONAL ENVIRONMENTAL 
System Monitor: 
Required hardware: 
Intellec System 
331 bytes RAM memory 
2K bytes ROM memory 
System console 


Macro Assembler: 

Required hardware: 
Intellec System 
12K bytes RAM memory 
System console 
Reader device 
Punch device 
List device 

Required software: 
System monitor 


Text Editor: 

Required hardware: 
Intellec System 
8K bytes RAM memory 
System console 
Reader device 
Punch device 

Required software: 
System monitor 


Tape Format: 
Hexadecimal object format. 
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OPTIONS 
MDS-016 
MDS-406 
MDS-416 
MDS-501 
MDS-504 
MDS-600 
MDS-610 
MDS-620 


16K Dynamic RAM 

6K PROM (sockets and logic) 
16K PROM (sockets and logic) 
DMA Channel Controller 
General Purpose I/O Module 
Prototype Module 

Extender Module 

Rack Mounting Kit 


EMULATORS/SIMULATOR 
MDS-ICE-30 3001 In-Circuit Emulator 
MDS-ICE-80 8080 In-Circuit Emulator 
MDS-SIM-100 Bipolar ROM Simulator 
MDS-ICE-48 8748 In-Circuit Emulator 
MDS-ICE-85 8085 In-Circuit Emulator 


PERIPHERALS 

MDS-UPP Universal PROM Programmer 
MDS-PTR High Speed Paper Tape Reader 
MDS-DOS Diskette Operating System 


INTERFACE CABLES/CONNECTORS 


MDS-920 High Speed Punch Interface Cable 
MDS-930 Peripheral Extension Cable 

MDS-940 DMA Cable 

MDS-950 General Purpose !/O Cable 

MDS-960 25-pin Connector Pair 

MDS-970 37-pin Connector Pair 

MDS-980 60-pin Motherboard Auxiliary Connector 
MDS-985 86-pin Motherboard Main Connector 
MDS-990 = 100-pin Connector Hood 


EQUIPMENT SUPPLIED 
Central Processor Module 

RAM Memory Module 

Monitor Module (System 1/O) 
Front Panel Control Module 
Chassis with Motherboard 
Power Supplies 

Finished Cabinet 

Front Panel 

ROM Resident System Monitor 
RAM Resident Macro Assembler 
RAM Resident Text Editor 
Hardware Reference Manual 
Reference Schematics 
Operator’s Manual 

8080 Assembly Language Programming Manual 
System Monitor Source Listing 
8080 Assembly Language Reference Card 
TTY Cable 

European AC Adapter 

AC Cord 

Diagnostic Program & Manual 


intel 


INTELLEC® 4/MOD40 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Complete hardware/software development system 
for the design and implementation of 4040 CPU 
based microcomputer systems 


TTY interfaces, front panel designer’s console, and 
high-speed paper tape reader interface, in conjunc- 
tion with PROM resident system monitor provide 
complete program loading, punching, monitoring, 
interrogation, and alteration capabilities 


Program RAM (4K 8-bit bytes) provides a program 
development medium which lends itself to rapid 
and facile program monitoring and alteration 


Data RAM (320 4-bit bytes expandable to 2560 
bytes) provides data storage capacity 


Program PROM (expandable to 4K 8-bit bytes) in 
conjunction with the resident PROM programmer 
provide capability of simulating final ROM resident 
program 


PROM resident system monitor, RAM resident 
macro-assembler with edit feature included in 
standard systems software 


Includes such standard program development 
features as program single-step address search (and 
pass count), next instruction indication, and pro- 
gram flow verification 


1/O expandable to 16 4-bit input ports and 48 4-bit 
output ports (all TTL compatible), allowing 
“hands-on” simulation of entire user system 
(processor and peripheral devices) 


RESET, STOP, INTERRUPT control signals avail- 
able to user via back panel 


Modular design with expansion capability provided 
for up to 11 optional or user designed modules 


The Intellec 4/MOD 40 (imm 4-44A) is a complete, self-contained microcomputer development system designed specifically 
to support the development and implementation of 4040 CPU based microcomputer systems. Its modular design provides the 
flexibility to adapt to any size user system and the resident software facilitates the resident software facilitates program 
development. 


The basic Intellec 4/MOD 40 Microcomputer Development System consists of four microcomputer modules (CPU, RAM, 
MEMORY CONTROL, and PROM PROGRAMMER), power supplies, I/O connectors, console, and displays. The heart of the 
system is the imm 4-43 Central Processor Module built around Intel’s high performance 4-bit 4040 CPU. The imm 4-43 is a 
complete-microcomomputer system containing the system clock, 1K 8-bit bytes of PROM memory, 320 4-bit bytes of data 
RAM memory, three 4-bit input ports and eight 4-bit output ports. The imm 6-28 Program RAM Memory Module contains a 
4K X 8 memory array composed of Intel® 2102 Static Random Access Memory elements. The imm 4-72 Control Module 
contains the circuitry required to interface the central processor module to the program RAM module. The imm 6-76 PROM 
Programmer Module provides the capability of programming Intel 1702A PROMs in conjunction with the front panel PROM 
socket and system monitor. All 1/O ports are TTL compatible and accessible from the back panel 37-pin connectors. The 
front panel designer’s console provides a means of monitoring and controlling system operation. 
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INTELLEC® 4/MOD40 SYSTEM 


The Intellec modular design allows great design system 
flexibility. Program PROM can be expanded to 4K 8-bit 
bytes using imm 6-26 or imm 4-22 optional modules. Data 
RAM can be expanded to 2560 4-bit bytes using imm 4-24 
modules. I/O capability can be expanded to 16 4-bit input 
and 48 4-bit output ports using optional imm 4-60 mod- 
ules. The Universal Prototype Card (imm 6-70) in conjunc- 
tion with the 11 optional card sockets (which contain all 
essential system signals) provide the capability for interfac- 
ing custom designed modules. 


The user RESET IN/OUT, STOP/STOP ACKNOWLEDGE, 
and INTERRUPT/INTERRUPT ACKNOWLEDGE control 
signals are all available at the back panel. Hence, the user 
can interrupt, halt, and reset the resident CPU via his own 
interface. 


Program interrogation and alteration can be accomplished 
by using any desired combination of the front panel design- 
er’s console, a teletype, the imm 4-90 High-Speed Paper 
Tape Reader, and other Intellec compatible peripherals. 
The front panel designer’s console provides the capability 
of manually writing data into memory and displaying 
memory contents, monitoring CPU bus contents during 
each processor subcycle, “‘freezing’’ system status after exe- 


cution of a predefined instruction after a specified number 
of passes, single-stepping the program and verifying pro- 
gram flow. The teletype and reader serve as vehicles to 
input and output paper tapes and execute the system 
monitor. 


Every Intellec 4/MOD 40 comes with three systems soft- 
ware products — the PROM resident system monitor, the 
RAM resident macro-assembler. The system software is a 
powerful application program development tool. 


The system monitor provides the capability of displaying 
and modifying memory contents, reading and punching 
object tapes, dynamically assigning system peripherals, 
program and verify PROMs, and perform other functions 
which significantly reduce program debug and development 
time. 


The Intellec 4/MOD 80 RAM resident macro-assembler 
translates source code into object code which will execute 
on the Intellec 4/MOD 40 or any MCS-40™ system. The 
assembler collects information from the source program, 
builds an internal symbol table, outputs a listing of the 
assembled program including error messages, and punches 
an object program tape. The assembler also contains a paper 
tape edit feature. 
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PROGRAM/DATA STORAGE MODULE 
DATA STORAGE MODULE 
PROM MEMORY MODULE 
1/0 MODULE 


PROM 
PROGRAMMER 
MODULE 


The standard Intellec® 4/MOD 40 comes with the modules 
shown. Expansion capability of both !/O and Memory toa 
full MCS-40™ system is provided by using open locations 
on the motherboard. 


INTELLEC® 4/MOD 40 MODULE ASSIGNMENT 
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INTELLEC® 4/MOD40 SYSTEM 


CONTROL CPU BUS Te PORTS » 
CONSOLE 
CONSOLE Peale 
CONTROL (AVAILABLE ON BACK PANEL) CPU BUS MODULE [SPORTS » 
BUS RESET STOP INTERRUPT aoa 
1k PROM CPU MODULE ue 
MONITOR PORTS 
4 PORTS 
pee coe eee Ronee | 
russ | crusus | [ 
\ —_ . ; 
1/0 PORTS 14 and 15 
MEMORY CONTROL 
MODULE 
imm4-72 
CO TO C3 

RAM MEMORY 

MODULE 

imm6-28 

1/O MODULE 
imm4-60 
Co TO C3 
INSTRUCTION BUS 
PROM MEMORY 
MODULE se peat 
imm6-26 pos 
CO TO C3 co TO C3 


*Memory control module selects MONITOR, PROM or RAM for EXECUTION. 


SYSTEMS BLOCK DIAGRAM 
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INTELLEC® 4/MOD40 SYSTEM 


gaara pepper 
SPECIFICATIONS 


WORD SIZE PHYSICAL CHARACTERISTICS 
Data: 4 bits Intellec® 4/40: 7 X 17-1/8" X 12-1/4" (table-top 
Instructions: 8 bits/16 bits only); optional rack mount available. 

MEMORY SIZE Weight: 30 Ib (13.61 kg) 


5K bytes expandable to 12K bytes (combination of 
PROM, Data RAM, Program RAM) in three 4K byte 


memories selectable for execution from the front panel. OPTIONAL MODULES 
INSTRUCTION SET Available for the Intellec® 4/MOD 40: 

60, including conditionals, binary and decimal arithme- om 4-22 Instruction/Data Storage Module 

tic, and 1/0. imm 4-24 Data Storage Module 

imm 4-60 Input/Output Module 

MACHINE CYCLE TIME imm 6-26 PROM Memory Module 

10.8 us imm 6-28 RAM Memory Modules 
SYSTEM CLOCK (additional) 

Crystal-controlled at nominal 5.185 MHz. imm 6-36 Rack Mounting Kit 


imm 6-70 Universal Prototype Module 
imm 6-72 Module Extender 
imm 4-80 High-Speed Paper Tape Reader 


1/O CHANNELS 
All ports are 4-line TTL. Three input ports expandable 
to 16. Eight output ports expandable to 48. 


INTERRUPT 
Available at back panel. EQUIPMENT SUPPLIED 
CONSOLE MEMORY ACCESS imm 4-43 Central Processor Module 
Standard via control console. imm 6-28 RAM Memory Module 
MEMORY ACCESS TIME imm 6-76 PROM Programmer Module 


Memory Control Module 
Chassis with Motherboard 
Power Supplies 

Control and Display Panel 


1 us with standard memory modules. 


ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: O°C to 55°C. 


ELECTRICAL CHARACTERISTICS Finished Cabinet 

DC Power Supplies: PROM Resident System Monitor 
Vcc = 5V +5% Icc = 12A RAM Resident Assembler 
Vop = -10V +5% lop = 1.8A Programmer’s Manual 

AC Power Supplies: Operator’s Manual 
MOD 40: 60 Hz, 115 VAC @ 200W Hardware Reference Manual 
MOD 40/220: 50 Hz, 230 VAC @ 220W Module Schematics 
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ICE-30"" 
3001 MCU IN-CIRCUIT EMULATOR 


Extends the Intellec® diagnostic capabilities into 
user configured systems, allowing in-circuit emula- 
tion of the user system’s 3001 MCU 


Direct Intellec® System connection to the user 
configured system is achieved via an external cable 
with 3001 compatible 40-pin connector 


Provides for the display of all 3001 address, status, 
and control lines for the current micro-instruction 
executed. 


Allows for single-step microprogram execution. 


Presets the 9-bit 3001 Microprogram Address 
Register and sets two independent breakpoints on 
micro-instruction addresses generated by the 3001 


Allows two independent breakpoints to be set on 
the logical combination of any three TTL compati- 
ble signals in the user system via three logic probes 


Allows the microprogram word contents to be dis- 
played and modified when used with the optional 
ROM-SIM modules 


ICE-30 is an Intellec resident module that provides the user with direct in-circuit emulation of the 3001 Microprogram Con- 
trol Unit (MCU) and complete control over the execution of user developed microprograms. Through in-circuit emulation, 
the designer is able to set microprogram address breakpoints, single-step microprogram execution, and monitor all of the 


address, status, and control lines of the 3001. 


ee 
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HARDWARE 


ICE-30 consists of a single PC board that resides in the 
Intellec System. An external cable from the board, termi- 
minating in a 3001 compatible 40-pin connector, forms 
the interface to the user system. Through the 3001 com- 
patible connector, ICE-30 plugs directly into the user sys- 
tem’s 3001 socket and allows the user to completely 
monitor and control all the activities of the MCU. 


The figure below shows the hardware supplied with the 
ICE-30 package. 


DIRECT INSERTION 
INTO USER'S 
3001 MCU SOCKET 


10 INCHES 


Eel 


ICE-30 BOARD 


INTELLEC BUS 


ICE-30 MODULE HARDWARE 


By inserting the board into the Intellec Bus inside a basic 
Intellec system, a 3001 MCU chip in the user’s system 
may be emulated. The ICE-30 board contains a 3001 
MCU and peripheral logic required to monitor the 3001 
Operation and store trace information. The external cable 
carries status and control lines to and from the 3001 
compatible 40-pin connector and the three logic probe 
lines. In addition, a MATCH line is brought out on the 
external cable which allows ICE-30 to control the user 
system's master clock and perform microprogram halt and 
single-step functions. 


SOFTWARE 


The ICE-30 Software Driver, ICE30SD, is an Intellec 
Microcomputer Development System RAM-resident pro- 
gram which provides a user interface with the ICE-30 


hardware. ICE30SD recognizes a set of commands issued 
by the user, translates the commands, and places the 
encoded results into a control block for the hardware. 
In this fashion, the user can establish a dialogue with the 
3001 Microcomputer Control Unit (MCU) which is 
connected to the system, thus providing the capability 
to monitor, control or alter its operation. 


ICE30SD is capable of operating in conjunction with a 
RAM-based microprogram in the optional ROM-SIM 
modules (see ROM-SIM Data Sheet #98-211A). The com- 
mands provided by ICE30SD may therefore be divided 
into three categories: (1) Those commands unique to the 
optional ROM simulator, (2) Those which support 
ICE30SD functions, and (3) Those commands which are 
common to both ROM-SIM and ICE30SD. 


ICE30SD FUNCTION COMMANDS 


SET Assign values to the two hardware break- 
point registers, the 9-bit microprogram 
address register, and the PR latch. 


GO Initiates real-time emulation which contin- 
ues until an address encountered matches 
one of the two breakpoint values. 


STEP Causes execution to proceed in a non-real- 
time single-step micro-instruction mode. 


CONTINUE Resumes step mode execution following a 
break condition. 


ENABLE Activates or deactivates the two hardware 
breakpoint registers prior to issuing the 


‘GO' command. 


TRAP Used to set or remove any of the five-step 
mode software traps (software breakpoint 
registers). 


COMMON COMMANDS 
(Common to ICE30SD and Optional ROM-SIM) 


DISPLAY Displays the contents of a specified address 
or address range in the simulated control 


storage. 


BASE Establishes a mode of display of all output 
data for the ‘DISPLAY’ command. 


RESTART Reinitializes all program variables, except 
the ROM-SIM configuration values, and 
starts execution at the point following the 
ROM-SIM configuration sequence. 

EXIT Causes ICE30SD to terminate. 


ROM-SIM COMMANDS 


ICE30SD provides commands necessary to drive the 
optional Intellec microprogram control storage simu- 
lation module, ROM-SIM. For a description of ROM- 
SIM capabilities, ask for the ROM-SIM Data Sheet #98- 
211A. 

ICE30SD is written in Intel's high-level programming 
language PL/M and will execute in the minimum 16K 
RAM Intellec configuration. 


ICE-30'™ 
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OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature under Bias..........---4-- 0° to 45°C 
Storage Temperature .........--20065 -20°C to +75°C 
All Output and Supply Voltages......... -0.5V to +7V 


All Input Voltages 


*COMMENT: Stresses above those listed under ‘’Absolute Maxi- 
mum Ratings’’ may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
section of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reliability. 


CLK 
CLOCK INPUT 


EN,ERA 
ENABLE INPUTS 


MAg—MAg 
CONTROL MEMORY 
ADDRESS OUTPUTS 


ACg—ACg, LD 
ADDRESS CONTROL 
INPUTS 


PRog—PR2 
“PR” LATCH OUTPUTS 


FCg—FC3 
FLAG CONTROL 
INPUTS 


Fl 
FLAG INPUT 


FO 
FLAG OUTPUT 


ISE 
INTERRUPT STROBE 
ENABLE OUTPUT 


SXQg—PX7 

INSTRUCTION 

BUS INPUTS 
tua 

MATCH 


BREAKPOINT MATCH 
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D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 45°C, Voc = 5.0V £5% 


SYMBOL PARAMETER 


Input Clamp Voltage 
(All Input Pins) 


Input Load Current: 
CLK Input 
Logic Probe Inputs 
All Other Inputs 


Input Low Voltage Vcc = 5.0V 


Input High Voltage Vcc = 5.0V 


Power Supply Current 


Output Low Voltage 
PRo—PR2 
All Other Outputs 
Output High Voltage 
MAo—MAg, ISE, FO 
Output Short Circuit Current 
MAo—MAg, ISE, FO 
Off-State Output Current 
MAop—MAg, FO 
MAg—MAsg, FO, PRo—PR> 


lot =16mA 
lot =40mA 


lon =-2mA 


Vec = 5.0vV (2) 


lO(OFF) 


Vo =0.45V 
Vo = 5.25V 


NOTES: 1. Typical vatues are for Ta = 25°C and nominal supply voltage. 
2. Not more than one output should be shorted at one time. 


A.C. CHARACTERISTICS 
Ta = 0°C to 45°C, Voc = 5.0V +5% 


SYMBOL PARAMETER 


toy? Cycle Time 
Clock Pulse Width 


Clock Pulse Separation 


Control and Data Input Set-Up Times: 
LD, ACg—ACg 
FCo, FC, 
SX9—SX3, PX4g—PX 7 
Fl 
Control and Data Input Hold Times: 
LD, ACgo—ACg 
FCo, FC, 
SX9—-SX3, PX4—PX7 
F | 


Propagation Delay from Clock Input (CLK) to Outputs 
(MAg—MAg, FO) 

Propagation Delay from Control Inputs FC2 and FC3 to 
Flag Out (FO) 


Propagation Deiay from Control Inputs ACg—ACg to 
Latch Outputs (PR9g—PR2) 


Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MAg--MAg, FO, PRo—PR2) 


Propagation Delay from Control Inputs ACg—ACg to 
Interrupt Strobe Enable Output (ISE) 


Propagation Delay from Clock Input (CLK) to Breakpoint 
Match MATCH 


NOTES: 1. Typical values are for TaA= 25°C and nominal supply voltage. 
2. tcy ICO t tsr t twp. 
3. Pin input capacitance/output capacitance is 50 pF maximum. 


5 i = = 
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SPECIFICATIONS 
PHYSICAL CHARACTERISTICS EQUIPMENT SUPPLIED ORDERING INFORMATION 
(Printed Circuit Board) Printed Circuit Board PART NUMBER 
Width: 12.00 in. Interface Cables and MDS-30-ICE 
Height: 6.75 in. Buffer Enclosure Assembly 
Depth: 0.50 in. Reference Manual DESCRIPTION 
Software Paper Tape 3000 Series In-Circuit Emulator 


WRITE MEMORY 
| PROTECT SWITCH | 


MODULE-SELECT 
AND 


12 
ADDRESS BITS | ADDRESS BITS 


ADDRESS 
DECODING 


READ/WRITE | | 
COMMANDS BUFFER USER 
SYSTEM | BOARD <—__—_—_—» ROM 
eye CABLE SOCKETS 
| | ASSEMBLY 
| | 
8 | 8 OR 16 
DATA BITS BIPOLAR | DATA BITS 
RAM 
| | 8,192 BITS | 
| | ROM-SIMULATOR | 
it MODULE 2 
| 
3 LOGIC 
BREAKPOINTS PROBES 
ND 
TRACE LOGIC | | | 
Bonne 3001 MCU 
MULTI- BOARD 
PLEXER CABLE SCHIP 
ASSEMBLY SOCKET 


MATCH/ 


TRACE MEMORY 
BREAKPOINT 
COMPARATOR 


ICE-30 MODULE = 


FUNCTIONAL BLOCK DIAGRAM OF ICE-30 MODULE, 
OPERATING IN CONJUNCTION WITH 
ROM-SIMULATOR MODULE 
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ICE-48"™ a 
8048 IN-CIRCUIT EMULATOR 


Connects Intellec® Microcomputer Development Eliminates the need for extraneous debugging tools 
System to user configured system via an external residing in the user system 
cable and 40-pin plug, replacing the user 8048 

Collects address, data and 8048 status information 


Emulates user system 8048 on machine cycles emulated 


Provides capability to examine and alter CPU 
registers, memory, flag values, and to examine pin 
and port values 


Allows user configured system to borrow static 
RAM memory for program debug 


Provides hardware comparators for user designated Integrates hardware and software efforts early to 
break conditions save development time 


The ICE-48™ = Module is an Intellec® System resident module that interfaces to any user configured 8048 system. With an 
ICE-48 Module as a replacement for a prototype system 8048, the designer can emulate the system 8048 in real time, single- 
step the system’s program, and borrow static RAM memory for user system debugging. Powerful hardware and software 
debug functions are extended into the user system with minimum impact. The designer may examine and modify his system 
with symbolic references instead of absolute values. 


= CO eS 
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ICE-48 status are interchanged through a DMA channe a 


Integrated hardware/software development can begin as 
soon as there is an 8048 CPU socket for the prototype 
system. Through the ICE-48 module’s mapping capabilities, 
blocks of static RAM memory can be accessed to allow 
program modification. An output signal provides a synchro- 
nization pulse for an oscilloscope or other test equipment 
when a break condition is recognized. The user has the 
option of breaking the emulation or using the signal for 
hardware diagnosis. Attempting to mesh completed hard- 
ware and software products can be costly and frustrating. 
Hardware and software can help debug each other as they 
are developed using an ICE-48 module. 


The ICE-48 module is a microcomputer system utilizing 
Intel’s 8048 microprocessor as its nucleus. This system 
communicates with the Intellec system 8080 processor 
via direct memory access. Host processor commands and 


C Rawat EVEEEVFATS 


Notice: This is not a final specification. Some 


A parameter block resident in Intellec System main mem- 
ory contains detailed configuration and status information 
transmitted at an emulation break. 


ICE-48 hardware consists of two PC boards, which reside in 
the’ Intellec System chassis, and a cable assembly which 
interfaces to the user system. A 40-pin socket on the end 
of the cable assembly plugs directly into the socket pro- 
vided for the user’s 8048. 


The ICE-48 software is an Intellec System program which 
provides the user with flexible, easy-to-use commands for 
defining breakpoints, initiating emulation, and interrogating 
and altering user system status recorded during emulation. 
A broad range of commands provides the user with maxi- 
mum flexibility in describing the operation to be per- 
formed. 


i 


SPECIFICATIONS 


ICE48SD OPERATING ENVIRONMENT 
Paper Tape-Based ICE-48'™ Software 
Required Hardware: 
Intellec® Microcomputer Development System 
System Console 
Reader Device 
Punch Device 
ICE-48 Module 
Required Software: 
System Monitor 
Diskette-Based ICE-48 Software 
Required Hardware: 
Intellec® Microcomputer Development System 
System Console 
System Diskette Operating System 
ICE-48 Module 
Required Software: 
System Monitor 


ISIS-HI 


EQUIPMENT SUPPLIED 

Printed Circuit Boards 

Interface Cables and Buffer Module 
Hardware Reference Manual 


Operator’s Manual 


Schematic Diagram 

ICE-48 Software, paper tape version (ICE-48 Software, 
diskette-based version, is supplied with MDS-D48 8048 
Software Support Package) 


ee 


ORDERING INFORMATION 
Part Number 
MDS-48-ICE 


Description 

8048 CPU In-Circuit 
Emulator, Cable 
Assembly and Interactive 
Software included 
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ICE-80"™ 
8080 IN-CIRCUIT EMULATOR 


Connects Intellec® System to user configured sys- 
tem via an external cable and 40-pin plug, replacing 
the user 8080 


Allows real-time (2 MHz) emulation of the user 
system 8080 


Allows user configured system to share Intellec 


RAM, ROM and PROM memory and Intellec 1/O 


facilities 


Checks for up to three hardware and four software 
break conditions 


Offers full symbolic debugging capabilities 


Eliminates the need for extraneous debugging tools 
residing in the user system 


Provides address, data and 8080 status information 
on last 44 machine cycles emulated 


Provides capability to examine and alter CPU regis- 
ters, main memory, pin and flag values 


Integrates hardware and software development 
efforts 


Available in diskette or paper tape versions 


The Intellec In-Circuit Emulator/80 (ICE-80) is an Intellec resident module that interfaces to any user configured 8080 sys- 
tem. With !CE-80 as a replacement for a prototype system 8080, the designer can emulate the system's 8080 in real time, 
single-step the system’s program, and substitute Intellec memory and I/O for user system equivalents. Powerful Intellec debug 
functions are extended into the user system. For the first time the designer may examine and modify his system with sym- 


bolic references instead of absolute values. 
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INTEGRATED HARDWARE/ 
SOFTWARE 
DEVELOPMENT 


The user prototype need consist of no more than an 8080 
CPU socket and a user bus to begin integration of soft- 
ware and hardware development efforts. Through ICE-80 
mapping capabilities, system resources can be accessed 
for missing prototype hardware. Hardware designs can be 
tested using the system software which will drive the final 
product. 


The system integration phase, which can be so costly and 
frustrating when attempting to mesh completed hardware 
and software products, becomes a convenient two-way 
debug tool when begun early in the design cycle. 


SYMBOLIC DEBUGGING 


ICE-80 allows the user to make symbolic references to 
memory addresses and data in his program. Symbols may 
be substituted for numeric values in any of the ICE-80 
commands. The user is relieved from looking up addresses 
of variables or program subroutines. 


The user symbol table generated along with the object file 
during a PL/M compilation or a MAC80 or resident 
assembly, is loaded to memory along with the user pro- 
gram which is to be emulated. The user may add to 
this symbol table any additional symbolic values for 
memory addresses, constants, or variables that are found 
useful during system debugging. By referring to symbolic 
memory addresses, the user can be assured of examining, 
changing, or breaking at the intended location. 


ICE-80 provides symbolic definition of all 8080 registers, 
flags, and selected pins. The following symbolic references 
are also provided for user convenience: TIMER, a 16-bit 
register containing the number of ¢2 clock pulses elapsed 
during emulation; ADDRESS, the address of the last 
instruction emulated; INTERRUPTENABLED, the user 
8080 interrupt mechanism status; and UPPERLIMIT, the 
highest RAM address that can be occupied by user mem- 
ory. 


DEBUG CAPABILITY 
INSIDE USER SYSTEM 


ICE-80 provides the user with the ability to debug a full 
prototype or production system without introducing 
extraneous hardware or software test tools. 


ICE-80 connects to the user system through the socket 
provided for the user 8080 in the user system. Intellec 
memory is used for the execution of the !CE-80 soft- 
ware, while I/O provides the user with the ability to 
communicate with 1CE-80 and receive information on the 
operation of the user system. 


MEMORY AND 
I/O MAPPING 


Memory and I/O for the user system can be resident in the 
user system or ‘‘borrowed” from the Intellec System 
through ICE-80’s mapping capability. 


ICE-80 separates user memory into 16 4K blocks. User 
1/O is divided into 16 16-port blocks. Each block of mem- 
ory or I/O can be defined independently. The user may 
assign system equivalents to take the place of devices not 
yet designed for the user system during prototyping. In 
addition, memory or 1!/O can be accessed in place of 
suspect user system devices during prototype or produc- 
tion checkout. 


The user can also designate a block of memory or 1/O as 
nonexistent. ICE-80 issues error messages when memory 
or I/O designated as nonexisting is accessed by the user 
program. 
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ICE-80 INSTALLED IN USER SYSTEM 


REAL TIME TRACE 


ICE-80 captures valuable trace information while the user 
is executing programs in real time. The 8080 status, the 
user memory or port addressed, and the data read or 
written (snap data), is stored for the last 44 machine 
cycles executed. This provides ample data for determining 
how the user system was reacting prior to emulation 
break. It is available whether the break was user initiated 
or the result of an error condition. 


For detailed information on the actions of CPU registers, 
flags, or other system operations, the user may operate in 
single or multiple-step sequences tailored to system debug 
needs. 


ICE-80™™ 


HARDWARE 


The heart of ICE-80 is a microcomptuer system utilizing 
Intel’s 8080 microprocessor as its nucleus. This system 
communicates with the Intellec® host processor via 1/O 
commands. Host processor commands and ICE-80 status 
are interchanged through registers on the ICE-80 Trace 
Board. ICE-80 and the system also communicate through 
a Control! Block resident in the Intellec® main memory 
which contains detailed configuration and status infor- 
mation transmitted at an emulation break. 


ICE-80 hardware consists of two PC boards, the Processor 
and Trace Boards, residing in the Intellec® chassis, and a 
6-foot cable which interfaces to the user system. The 
Trace and Processor Boards communicate with the system 
on the bus, and also with each other on a separate ICE-80 
bus. ICE-80 connects to the user system through a cable 
that plugs directly into the socket provided for the user’s 
8080. 


TRACE BOARD 


The Trace Board talks to the system as a periphera 
device. It receives commands to ICE-80 and returns 
ICE-80 responses. 


While ICE-80 is executing the user program, the Trace 
Board collects data for each machine cycle emulated (snap 
data). The information is continuously stored in high- 
speed bipolar memory. 


The Trace Board also contains two 24-bit hardware break- 
point registers which can be loaded by the user. While in 
emulation mode, a hardware comparator is constantly 
monitoring address and status lines for a match which will 
terminate an emulation. A user probe is also available 
which can be attached to any user signal. When this signal 
goes true a break condition is recognized. 


The Trace Board signals the Processor Board when a com- 
mand to ICE-80 or break condition has been detected. 
The ICE-80 CPU then sends data stored on the Trace 
Board to the Control Block in memory. Snap data, along 
with information on 8080 registers and pin status, and 
the reason for ‘the emulation break are then available for 
access during interrogation mode. Error conditions, if 
present, are transmitted and automatically displayed for 
the user. 


PROCESSOR BOARD 


An 8080 CPU resides on the Processor Board. During 
emulation it executes instructions from the user’s pro- 
gram. At all other times it executes instructions from the 
control program in the Trace Module’s ROM. 


The Processor Board contains an internal Clock Generator 
that provides the clocks to the user emulation CPU at 2 


MHz. The CPU can alternately be driven by a clock de- 
rived from user system signal lines. The clock source is 
selected by a jumper option on the board. A timer on the 
Trace Board counts the $2 clock pulses during emulation 
and can provide the user with the exact timing of the 
emulation. 


The Processor Board turns on an emulation when ICE-80 
has received a RUN command from the system. It termi- 
nates emulation when a break condition is detected on the 
Trace Board, or the user’s program attempts to access 
memory or I/O ports designated as nonexistent in the user 
system, or the user 8080 is inactive for a quarter of a 
second. 


The Address Map located on the Processor Board stores 
the assigned location of each user memory or 1|/O block. 
During emulation the Processor Board determines whether 
to send/receive information on the Intellec or User bus by 
consulting the Address Map. The Processor Board allows 
the ICE-80 CPU to gain access to the bus as a master to 
“borrow” Intellec facilities. At an emulation break, the 
Processor Board stores the status of specified 8080 input 
and output signals, disables all interaction with the user 
bus, and commands the Trace Board to send stored infor- 
mation to a Control Block in Intellec memory for access 
during interrogation mode. 


CABLE CARD 


The Cable Card is included for cable driving. It transmits 
address and data bus information to the user system 
through a 40-pin connector which plugs into the user sys- 
tem in the socket designed for the 8080 when enabled by 
the Processor Module’s user bus control logic. 


SOFTWARE 
The ICE-80 software driver (ICE80SD) is a RAM-based 


program which provides the user with easy-to-use English 
language commands for defining breakpoints, initiating 
emulation, and interrogating and altering user system 
status recorded during emulation. |1CE-80 commands are 
configured with a broad range of modifiers which provide 
the user with maximum flexibility in describing the 
operation to be performed. 

ICE80SD is available in both paper tape and diskette- 
based versions. The diskette-based version, which is sup- 
plied on a System Diskette for operation with the 
Intellec Diskette Operating System, provides expanded 
capabilities for retrieving and storing user programs, as 
well as the standard peripherals available in the paper 
tape version. 


ICE-80™™ 
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EMULATION COMMANDS: CHANGE Alter contents of memory, register, out- 


GO > Initiates real-time emulation and allows put port, or 8080 flag. 
user to specify breakpoints, data retrieval, XFORM Define memory and I/O status. 
and conditions under which emulation SEARCH Look through memory range for specified 
should be reinitiated. value. 

STEP Initiates emulation in single or multiple 


instruction increments. User may specify 
a register dump or tailor diagnostic activ- 
ity to his needs following each step, and 
define conditions under which stepping 


. should continue. UTILITY COMMANDS: 
RANGE Delimits blocks of instructions for which LOAD Fetch user symbol table and object code 
register dump or tailored diagnostics are from input device. 
to occur. SAVE Send user symbol table and object code 
CONTINUE Resume real-time emulation. to output device. 
CALL Emulate user system interrupt. EQUATE ~ Enter symbol name and value to user 


symbol table. 


INTERROGATION COMMANDS: FILL Fill memory range with specified value. 
BASE Establish mode of display for output MOVE Move block of memory data to another 
data. area of memory. 
DISPLAY Print contents of memory, 8080 registers, TIMEOUT Enable/disable user CPU 1/4 second wait 
input ports, 8080 flags, 8080 pins, snap state timeout. 
data, symbol table, or other diagnostic ; 
data. on list device. Can also be used for LIST oe list device (diskette-based version 
only). 


base-to-base conversion, or addition or 
subtraction in any base. EXIT Return program control to monitor. 


40-PIN 
SOCKET 


16 ADDRESS 

8 DATA OUT BUFFER BO 
8 DATA IN CABLE ASSY 
CONTROL 


| RUN USER 
EMULATION BUS 


CONTROL CONTROL 


ICE-80 BUS 


BUS CONTROL ADDRESS 
(MASTER) MAP 


ICE-80 PROCESSOR BOARD 


COMMAND | 

AND : 
STATUS RES ne | 
REGISTER | | 
| 


ICE-80 TRACE BOARD 


CONTROL 
8 DATA BITS INTELLEC BUS 


16 ADDRESS BITS 


FUNCTIONAL BLOCK DIAGRAM OF ICE-80 MODULE 
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SAMPLE, ICE-80 DEBUG SESSION 


ISiS 8080 MACRO ASSEMBLER, V1.0 PAGE 1 


; USER PROGRAM TO OUTPUT A SERIES OF 
; CHARACTERS TO SDK-80 CONSOLE DEVICE 


1320 ORG 1320H 

01E3 co EQU 1E3H ; SDK-80 CONSOLE OUT DRIVER 

1320 0601 START: MVI B,1 ; SET UP B VALUE 

1322 3A3613 LDA DAT1 ; LOAD A WITH DAT1 VALUE 

1325 4F LOOP: MDV C,A 

1326 CDE301 CALL co ; SEND C VALUE TO CONSOLE 

1329 79 MOV A,C ; RESTORE A 

132A 93 SBB B ; SUBTRACT B FROM A 

132B 323713 STA RSLT ; STORE RESULT IN RSLT 

132E FE40 CPI 40H ; LAST VALUE TO PRINT 

1330 C22513 JNZ LOOP ; LOOP AGAIN IF A>40H 

1333 C32013 JMP START ; ELSE RESTART WHOLE PROCEDURE 
1336 5A DAT: DB 5AH 

1337 RSLT: DS 1 

0000 END 

ISIS, V1.0 INITIAL {CE-80 SESSION 

-ICE80 (Note: The SDK-80 Monitor has already been used to initialize the SOK-80 Board) 


ISIS ICE-80, V1.0 
@ **XFORM MEMORY 0T01U 
*XFORM IO OFH U 
Q) *LOAD PROG. HEX 
ERR=067 
STAT=11H TYPE=06H CMND=07H ADDR=1320H GOOD=06H BAD=04H 
*CHANGE MEMORY 1321H=FFH 
ERR=067 
STAT=11H TYPE=06H CMND=07H ADDR=1321H GOOD=FFH BAD=FDH 
*LOAD PROG. HEX 
*GO FROM START UNTIL RSLT WRITTEN 
EMULATION BEGUN 
ERR=067 
STAT=11H TYPE=07H CMND=02H 
*DISPLAY CYCLES 5 


STAT=A2H ADDR=1326H DATA=CDH 
STAT=82H ADDR=1327H DATA=E3H 
STAT=82H ADDR=1328H DATA=01H 
STAT=04H ADDR=FFFFH DATA=13H 
STAT=04H ADDR=FFFEH DATA=29H 
© *CHANGE DOUBLE REGISTER SP=13FFH 
*BASE HEX 
*EQUATE STOP=1333H 
@ *GO FROM START UNTIL STOP EXECUTED THEN DUMP 
EMULATION BEGUN 
B=01H C=41H D=00H E=00H H=00H L=00H F=56H A=40H P=1320H *=1333H S=13FFH 
EMULATION TERMINATED AT 1333H 
*EXIT 
*FRFF 


© ® © 


Set up user memory and I/O. The program is set up to execute in block 1 (1000H—1FFFH) of user memory, and requires access to the 
SDK-80 monitor (block 0) and I/O ports in block OFH. Both ports and memory are defined as available to the user system. Alli other 
memory and 1/O is initialized by 1CE-80 as nonexistent (guarded). 


A load command generates an error. The type and command numbers indicate that a data mismatch occurred on a write to memory com- 
mand. The data to be written to address 1320H should have been 06H. When ICE-80 read the data after writing it, aO4H was detected. 
A change command to a different memory address hints that bit 1 does not go to 1 anywhere in this memory block. Examination indi- 
cates that a pin was shorted on the RAM located at 1300H—13FFH in the prototype system. The problem is fixed and a subsequent 
load succeeds. 


A real-time emulation is begun. The program is executed FROM ‘START’ (1320H) and continues UNT/L ‘RSLT’ is written (in location 
1328H, the contents of the accumulator is stored in (written into) ‘RSLT’). 


An error condition results: TYPE 07, CMND 02 indicate the program accessed a guarded area. 


The last 5 machine cycles executed are displayed. The last instruction executed was a call (CDH). The fourth and fifth cycles are a push 
operation (designated by status 04H) to store the program counter before executing the call. The stack pointer was not initialized in the 
program and is accessing memory location FFFFH. 


After making a note to initialize the stack pointer in the next assembly, a temporary fix is effected by setting the stack pointer to the top 
of user available memory. 


After setting the base for displays to hex and adding the symbol ‘STOP’ to the symbol table, emulation is started which will terminate 
when the instruction at 1333H (‘STOP’) is executed. When emulation terminates, a DUMP of the contents of user 8080 registers is 
requested. One can see that the value of the accumulator is set at 40H, the stack pointer is set at 13FFH, the last address executed (*) is 
1333H, and the program counter has been set to 1320H. 


EXIT returns control to the MDS monitor. 
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ICE-80™™ 


ICE80SD OPERATING ENVIRONMENT 


Paper Tape-Based ICE80SD 
Required Hardware: 
Intellec® System 
System console 
Reader device 
Punch device 
ICE-80 
Required Software: 
System monitor 


Diskette-Based ICE80SD 
Required Hardware: 
Intellec® System 
32K bytes RAM memory 
System console 
MDS-DOS Diskette Operating System 
ICE-80 
Required Software: 
System monitor 
ISIS 


EQUIPMENT SUPPLIED 

Printed Circuit Modules (2) 

Interface Cables and Buffer Board 

Hardware Reference Manual 

Operator’s Manual 

Schematic Diagram 

iICE-80 Software Driver, paper tape version 
(I\CE-80 Software Driver, disketted-based version is 
supplied with Diskette Operating System) 
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SYSTEM CLOCK 
Crystal controlled 2.185 MHz +0.01%. May be replaced 
by user clock through jumper selection. 


PHYSICAL CHARACTERISTICS 


Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 8.00 Ib (3.64 kg) 


ELECTRICAL CHARACTERISTICS 
DC Power: 
Vec = +5V, +5% 


lcc = 9.81A maximum; 6.90A typical 
Vpop = +12V, +5% 

Ipp = 79mMA maximum; 45 mA typical 
Veep = -9V, +5% 


lIgg = 1mAmaximum; 1 WA typical 


ENVIRONMENTAL CHARACTERISTICS 

Operating Temperature: 0°C to 40°C 

Operating Humidity: Up to 95% relative humidity 
without condensation 

CONNECTORS 

Edge Connector: CDC VPB01E32A00A1 


ORDERING INFORMATION 


Part Number Description 

MDS-80-!ICE 8080 CPU In-Circuit Emulator, Cable 
Assembly and Interactive Software in- 
cluded 


intel 


ICE-85"™ 
8085 IN-CIRCUIT EMULATOR 


Connects Intellec® Microcomputer Development 
System to user configured system via an external 
cable and 40-pin plug, replacing the user 8085 


Emulates user system 8085 


Allows user configured system to share Intellec® 
memory and I/O facilities 


Provides capability to examine and alter CPU regis- 
ters, main memory, flag values, and to examine pin 
and port values 


Eliminates the need for extraneous debugging tools 
residing in the user system 


Collects address, data and 8085 status information 
on machine cycles emulated 


Provides hardware comparators for user designated 
break conditions 


Integrates hardware and software development 
efforts early to save development time 


The ICE-85™ module is an Intellec System resident module that interfaces to any user configured 8085 system. With an 
ICE-85 module as a replacement for a prototype system 8085, the designer can emulate the system 8085, single-step the 
system’s program, and substitute Intellec System memory and I/O for user system equivalents. Powerful hardware and 
software debug functions are extended into the user system with minimum impact. The designer may examine and modify 
his system with symbolic references instead of absolute values. 


intaliec mds 


ICE-857™ La REL 
tae WINAR 
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Integrated hardware/software development can begin as 
soon as there is an 8085 CPU socket and a user bus for the 
prototype system. Through the ICE-85™ module, Intellec 
System equivalents can be accessed for missing 
prototype hardware. Hardware designs can be tested as 
they are developed in a “complete” system. An output 
signal provides a synchronization pulse for an 
oscilloscope or other test equipment when a break 
condition is recognized. The user has the option of 
breaking the emulation or using the signal for hardware 
diagnosis. Attempting to mesh completed hardware and 
software products can be costly and frustrating. Hardware 
and software can help debug each other as they are 
developed using an ICE-85 module. 


The heart of the ICE-85 module is a microcomputer 
system utilizing Intel's 8085 microprocessor as _ its 
nucleus. Commands from the Intellec System host 
processor and ICE-85 status are interchanged through a 
DMA channel. A Parameter Block resident in Intellec 
System main memory contains detailed configuration and 
status information transmitted at an emulation break. 


|CE-85 hardware consists of two PC boards which reside 
in the Intellec System chassis and acable assembly which 
interfaces to the user system. A 40-pin socket on the end 
of the cable assembly plugs directly into the socket 
provided for the user’s 8085. 


The !CE-85 software is an Intellec System RAM-based 
program which provides the user with easy-to-use 
English language commands for defining breakpoints, 
initiating emulation, and interrogating and altering user 
system status recorded during emulation. A broad range 
of command modifiers provides the user with maximum 
flexibility in describing the operation to be performed. 


a final . 
ICE85 SOFTWARE re subjece cit 
OPERATING ENVIRONMENT 


Paper Tape-Based ICE-85 software 


i 


Required Hardware: 
Intellec Microcomputer Development System 
System console 
Reader device 
Punch device 
ICE-85 module 


Required Software: 
System monitor 


Diskette-Based ICE-85 software 


Required Hardware: 
Intellec Microcomputer Development System 
System console 
MDS-DOS Diskette Operating System 
ICE-85 module 


Required Software: 


System monitor 
ISIS-IHI 


EQUIPMENT SUPPLIED 


Printed Circuit Boards 
Interface Cables and Buffer Module 
Hardware Reference Manual 
Operator’s Manual 
Schematic Diagram 
ICE-85 Software, paper tape version 
(ICE-85 Software, diskette-based version, is supplied 
with ISIS-II System Diskette) 


ORDERING INFORMATION 


Part Number Description 

MDS-85-ICE 8085 CPU In-Circuit Emulator, 
Cable Assembly and Interactive 
Software included 
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INTELLEC’ DISKETTE OPERATING SYSTEM 


Floppy diskette operating system providing high- 
speed input/output and data storage for the Intel- 
lec® Microcomputer Development System 


Supports all existing standard Intellec® peripherals 


Data on flexible diskette addressed using IBM soft- 
sectored format which allows 1/4 million byte data 
capacity with up to 200 files per diskette 


Supports the resident compiler for PL/M-80, Intel’s 
high level programming language 


Relocating macro assembler contains full macro 
and conditional assembly capability 


Linker automatically combines separately assem- 
bled or compiled programs into a single relocatable 
module 


Library manager for creating and up-dating pro- 
gram libraries 


Command file facility allows console commands to 
be submitted from a diskette file 


Diskette system text editor with string search, sub- 
stitution, insertion, and deletion commands 


Diskette operating system functions callable from 
user programs 


Access to all Intellec® monitor facilities 


Dynamic allocation and deallocation of diskette 
sectors for variable length files 


The Intellec® Diskette Operating System is a sophisticated, general purpose, high speed data handler and file 
manipulation system for use with the Intellec Microcomputer Development System and its peripherals. The use ofa single 
or dual drive Diskette Operating System significantly reduces program development time. The software system known as 
ISIS-II (Intel Systems Implementation Supervisor), provides the ability to edit, assemble, compile, link, relocate, execute 
and debug programs, and performs ail file management tasks for the user. 


a 


GRIVE 4 


DISKETTE OPERATING SYSTEM DRIVES 
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DISKETTE OPERATING SYSTEM 


A Le 


HARDWARE 


The Intellec® diskette system provides direct access bulk 
storage, intelligent controller, and up to two diskette 
drives. Each drive provides 1/4 million bytes of storage 
with a data transfer rate of 250,000 bits/second. The 
controller is implemented with Intel’s powerful Series 
3000 Bipolar Microcomputer Set. The controller provides 
an interface to the Intellec System bus, as well as 
supporting the two diskette drives. The diskette system 
records all data in the |BM-compatible soft sector format. 


The diskette controller consists of two boards, the 
Channel Board and the Interface Board. These two 
printed circuit boards reside in the Intellec System 
chassis and constitute the diskette controller. Each of the 
systems Components is shown in the photograph, and are 
described in more detail in the following paragraphs. 


DOS CHANNEL AND INTERFACE CONTROLLER 
BOARDS 


CHANNEL BOARD 


The Channel Board is the primary control module within 
the diskette system. The Channel Board receives, 
decodes, and responds to channel commands from the 
8080 Central Processor Unit (CPU) in the Intellec system. 
The Channel Board can access a block of Intellec system 
memory to determine the particular diskette operations to 
be performed and fetch the parameters required for the 
successful completion of the specified operation. 


The control functions of the Channel Board have been 
achieved with an 8-bit microprogrammed processor, 
designed with Intel’s Series 3000 Bipolar Microcomputer 
Set. This 8-bit processor includes four 3002 Central 
Processing Elements (2-bit slice per CPE), a 3001 Micro- 
program Control Unit, and 512 x 32 bits of 3604 
programmable-read-only-memory (PROM) which stores 
the microprogram. It is the execution of the microprogram 
by the microcomputer set which actually effects the 
control capability of the Channel Board. 
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INTERFACE BOARD 


The Interface Board provides the diskette controller witha 
means of communication with the diskette drives, as well 
as with the Intellec system bus. Under control of the 
microprogram being executed on the Channel Board, the 
Interface Board generates those signals which cause the 
read/write head on the selected drive to be loaded (i.e., to 
come in contact with the diskette platter), cause the head 
to move to the proper track and verify successful 
operation. The Interface Board accepts the data being 
read off the diskette, interprets synchronizing bit patterns, 
checks the validity of the data using a cyclic redundancy 
check (CRC) polynomial, and then transfers the data to 
the Channel Board. 


During write operations, the Interface Board outputs the 
data and clock bits to the selected drive at the proper 
times, and generates the CRC characters which are then 
appended to the data. 


When the diskette controller requires access to Intellec 
system memory, the Interface Board requests and 
maintains DMA master control of the system bus, and 
generates the appropriate memory command. The 
Interface Board also acknowledges !/O commands as 
required by the Intellec bus. 


The Diskette System is capable of performing seven 
different operations: recalibrate, seek, format track, write 
data, wire deleted data, read data, and verify CRC. 


DISKETTE DRIVE MODULES 


Each diskette drive consists of read/write and control 
electronics, drive mechanisms, read/write head, track 
positioning mechanism, and the removable floppy 
diskette platter. These components interact to perform the 
following functions: 


e interpret and generate control signals. 
e Move read/write head to selected track. 


e Read and write data. 


ADDITIONAL DRIVE UNIT MDS-DRV 


VIORET IC UPERATING SYSTEM 
a 


SOFTWARE — INTEL SYSTEMS 
IMPLEMENTATION SUPERVISOR (ISIS-II) 


The ISIS-II operating system resides on the system 
diskette and supports a broad range of user-oriented 
design aid software. Total file management and input 
editing features greatly reduce software development 
time. The ISIS-I!| Relocating Macro Assembler, Linker, 
Object Locator and Library Manager can be loaded from 
the diskette in seconds. All passes of the assembler can be 
executed without the need for user intervention. Object 
code and listings may be directed to any output device, or 
stored as diskette files. 


Powerful system console commands are provided in an 
easy-to-use English context. Monitor mode can be 
entered by a special prefix to any system command or 
program call. 


A file is a user-defined collection of information of variable 
length. ISIS-I! also treats each of the standard Intellec® 
system peripherals as files through preassignment of 
unique file names to each device. In this manner data can 
be copied from one device to another (i.e., tape reader to 
tape punch) using the same command required to copy 
one diskette data file to another. ISIS-I| provides 
automatic implementation of random access disk files. 
Each file is identified by a user-chosen name unique on its 
diskette. Up to 200 files may be stored on each 1/4 million 
byte diskette. 


ISIS-II SYSTEM COMMANDS 


The following ISIS-II system commands are designed to 
provide the user with a powerful, easy-to-use program and 
file manipulation capability: 


ATTRIB Assigns specified attributes to a file, suchas 
write-protect. 

COPY Creates copies of existing diskette files or 
transfers files from one device to another. 

DELETE Removes a file from the diskette, thereby 
freeing space for allocation of other files. 

DIR Lists name, size and attributes of files froma 
specified diskette directory. 

RENAME Allows diskette files to be renamed. 

FORMAT Initializes a diskette and allows creation of 
additional system or data diskettes. 

DEBUG Loads a specified program from a diskette 
into memory and then transfers control to 
the Intellec monitor for execution and/or 
debugging. 

SUBMIT Provides the capability to execute a series 


of ISIS-I1 commands which have been pre- 
viously written to a diskette file. 
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The ATTRIB, DELETE and DIR commands have the 
additional capability of operating on several files at once 
via the wildcard file-naming convention. As an example, 
the command “DELETE * .OBU” delétes all files in the 
diskette directory with the suffix “.OBy”. 


ISIS-Il SYSTEM CALL CAPABILITY 


The DELETE, RENAME and ATTRIB system commands, 
along with a set of file |/O routines are callable from user- 
written programs. This allows the user to open, close, read 
and write diskette files, access standard peripheral 
devices, write error messages and load other programs via 
simple program call statements. 


ISIS-I1 8080 MACRO ASSEMBLER 


The ISIS-I! 8080 Macro Assembler translates symbolic 
8080 assembly language instructions into relocatable 
and/or absolute object code modules. In addition to 
eliminating the errors of hand translation, the ability to 
refer to program addresses with symbolic names makes it 
easy to modify programs by adding or deleting 
instructions. Full macro capability eliminates the need to 
rewrite similar sections of code repeatedly and simplifies 
program documentation. Conditional assembly permits 
the assembler to include or delete sections of code which 
may vary from system to system, such as the code 
required to handle optional external devices. 


In addition, the user is allowed complete freedom in 
assigning the location of code, data and stack segments. 


The ISIS-I| Assembler accepts diskette file input and 
produces a relocatable object file with corresponding 
symbol table and assembly listing file, including any error 
messages. The list file may then be examined from the 
System console or copied to a specified list device. 


The relocatable object file generated by the assembler 
may be combined with other object programs residing on 
the diskette to form asingle relocatable object module or it 
can be converted to an absolute form or for subsequent 
loading and execution. 


ISIS-I! LINKER 


The ISIS-Il LINKER provides the Capability to combine 
the outputs of several independently compiled or 
assembled object modules (files) into a single relocatable 
object module. The LINKER automatically resolves all 
external program and data references during the linking 
process. 


Object modules produced from previous link operations 
may be easily linked to a new module. ISIS-II also 
provides facilities to ease the generation of overlays. 


An optional link map showing the contents and lengths of 
each segment in the output module can be requested. All 
unsatisfied external references are also listed. 


If requested by the user the ISIS-i] LINKER can search a 
specified set of program libraries for routines to be 
included in the output module. 


DISKETTE OPERATING SToTEM 
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ISIS-I| OBJECT LOCATOR 


The ISIS-I! LOCATE program takes output from either the 
PL/M-80 resident compiler, the macro assembler or the 
LINKER and transforms that output from a relocatable 
format to an absolute format which may then be loaded 
via the standard ISIS-II loader, or loaded into ICE-80™, 
the 8080 In-Circuit Emulator. 


During the LOCATE process, code, data and stack 
segments can be separately relocated, allowing code to be 
put in areas to be subsequently specified as ROM, while 
data and the stack can be directed to RAM addresses. 


A load map showing absolute load addresses for each 
code and data segment and a symbol table dump listing 
symbols, attributes and absolute address can also be 
requested. 


ISIS-I| TEXT EDITOR 


The {SIS-Il Text Editor is a comprehensive tool for the 
entry and correction of assembly language and PL/M-80 
programs for the Intel® 8080 microcomputer. Its 
command set allows manipulation of either entire lines of 
text or individual characters within a line. 


Programs may be entered from the console keyboard or 
may be loaded directly. Text is stored internally in the 
editor's workspace, and may be edited with the following 
commands: 


e string insertion or deletion 
e string search 
e string substitution 


To facilitate the use of these editing commands, utility 
commands are used to change positions in the 
workspace. These include: 


e move pointer by line or by character 
e move pointer to start of workspace 
® move pointer to end of workspace 


The contents of the workspace are stored on the diskette 
and can be immediately accessed by IS!S-!| commands or 
other programs such as the ISIS-I! 8080 Macro Assembler. 


ISIS-I] LIBRARY MANAGER 


The ISIS-II LIBRARY MANAGER program provides for the 
creation and maintenance of a program library containing 
Intel-provided and user-written programs and sub- 
routines. These library routines can be linked to a program 
using the ISIS-Il LINKER. Severai libraries, each 
containing its own set of routines, can be created. 


ISIS-l A 16K ABSOLUTE SYSTEM 


For owners of Intellec® systems with less than 32K of 
memory, the limited capability ISIS-1 Diskette Operating 
System, is available. Included in ISIS-1 is a text editor and 
absolute assembler. No relocation or linkage facilities 
exist with ISIS-I. 


ISIS-1 
TEXT 
EDITOR 


OPTIONAL 
PL/M 
COMPILER 


ISIS HI ASSEMBLY ISIS-11 
TEXT LANGUAGE RELOCATING 
EDITOR SOURCE ASSEMBLER 


RELOCATABLE 
OBJECT 
MODULE 


RELOCATABLE 
OBJECT 
MODULE 


PROGRAM 
LIBRARY 


1S1S-1 
LOADER 


LOCATE 
MONITOR 


OPTIONAL 
ICE-80™ 

IN-CIRCUIT 

EMULATOR 


PROGRAM DEVELOPMENT FLOW USING ISIS-I] DISK OPERATING SYSTEM 
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ISIS OPERATIONAL ENVIRONMENTAL 
ISIS-H 


Required hardware: 
Intellec® Microcomputer Development System 
32K bytes RAM memory 
System console 
Single Floppy Disk Drive 


ISIS-I 


Required hardware: 
Intellec® Microcomputer Development System 
16K Bytes RAM memory 
System Console 
Single Floppy Disk Drive 


HARDWARE SPECIFICATIONS 
MEDIA 


Flexible Diskette 

One Recording Surface 
IBM Soft Sector Format 
77 Tracks/Diskette 

26 Sectors/Track 

128 Bytes/Sector 


PHYSICAL CHARACTERISTICS 
(Chassis and Drives) 


Mounting: Table-Top or Standard 19” Retma 
Cabinet 

Height: 12.08” (30.68 cm) 

Width: 16.88” (42.88 cm) 

Depth: 19.0” (48.26 cm) 

Weight: 1 Drive 51 Ib (23 kg) 


2 Drives 64 Ib (29 kg) 
ELECTRICAL CHARACTERISTICS 


Chassis 
DC Power Supplies 
Voltage Current 
5V 3A +5% 
-5V 600 mA +5% 
24V 4A +5% 


AC Power Requirements 
3 wire input with center conductor (earth ground) tied 
to chassis 
Single-phase, 115/230 VAC; 50—60 Hz; 160 watts 


Intellec® DOS Controller 
DC Power Requirements 
Channel Board: 5V @ 3.75A (typ), 5A (max) 
Interface Board: 5V @ 1.5A (typ), 2.5A (max) 


DISKETTE DRIVE PERFORMANCE 
SPECIFICATION 


Capacity (Unformatted): 


RODISK™. siete icswireiadveckeeea, 3.1 megabits 

POCTRACK> oniwtacwmeuratns aug Oc atid tent 41 kilobits 
Capacity (Formatted): 

POL DISK? inns m7 bos cae sein aaa die as 2.05 M Bits 

REV IGACk  ixownatatinn nk ewe eee oe wane sad 26.6 K Bits 
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Data TransferRate .................. 250 Kilobits/sec. 
Access Time: 

TraCk=tO=TaCk. socii owes tira ves a iden eec a 10ms 

Head Settling Time ....................00000. 10ms 
Average Random Positioning Time ............ 260ms 
RotationalSpeed  ........ 0... cece eee 360 rpm 
Average Latency ............. ccc cece eee eee 83 ms 
RecordingMode .............. Frequency Modulation 


ENVIRONMENTAL CHARACTERISTICS 


MEDIA 

Temperature: 
Operating: 15.6°C to 51.7°C 
Non-Operating: 5°C to 55% 

Humidity: 
Operating: 8 to 80% (Wet bulb 29.4°C) 


Non-Operating: 8 to 90% 


DRIVES AND CHASSIS 


Temperature: 
Operating: 10°C to 38°C 
Non-Operating: -35°C to 65°C 
Humidity: 
Operating: 20% to 80% (Wet bulb 26.7°C) 


Non-Operating: 5% to 95% 


CONTROLLER BOARDS 


Temperature: 
Operating: 0 to 70°C 
Non-Operating: -55°C to 85°C 
Humidity: 
Operating: Up to 90% relative humidity 


without condensation. 


All conditions without 
condensation of water or frost. 


Non-Operating: 


EQUIPMENT SUPPLIED 


Cabinet, Power Supplies, Line Cord, Single Drive 
FDC Channel Board 

FDC Interface Board 

Dual Auxiliary Board Connector 
Floppy Disk Controller Cable 
Floppy Disk Peripheral Cable 
Hardware Reference Manual 
Reference Schematics 

ISIS-I| System Diskette 

ISIS-1 System Diskette 

IS!IS-!1 System Users Guide 


OPTIONAL EQUIPMENT 


Rack Mount Kit 

MDS-DRV Additional Drive Unit 
Blank Diskettes 

ISIS-Il System Diskette 

ISIS-] System Diskette 


DISKETTE OPERATING SYSTEM 


a 


ORDERING INFORMATION 


Part Number Description 
MDS-1DS/110V Diskette Unit 
/220V with one drive, 
controller, and 
software. 
MDS-2DS/110V Diskette Unit 
/220V with two drives, 
controller, and 
software. 
MDS-DRV/110V Additional 
/220V drive unit. 
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HIGH LEVEL PROGRAMMING LANGUAGE 
INTELLEC* RESIDENT COMPILER 


Cuts software development and maintenance costs Produces relocatable and linkable object code 


Speeds project completion Resident operation on Intellec® Microcomputer 
Development System 
Improves product reliability 
Sophisticated code optimization reduces applica- 
Eases enhancements as system capabilities expand tion memory requirements 


_PL/M-80 is an advanced high level programming language for Intel® 8080 microprocessors, SBC 80 OEM computer 
systems, and Intellec® Microcomputer Development Systems. PL/M has been substantially enhanced since its 
introduction in 1973 and has become one of the most effective and powerful microprocessor software systems 
implementation tools available. It is easy to learn, facilitates rapid program development and debugging, and significantly 
reduces maintenance costs. 


PL/M is a powerful high-level algorithmic language in which program statements can naturally express the algorithm to be 
programmed. This frees programmers to concentrate on their system development without having to deal with assembly 
language details (such as register allocation, meanings of assembler mnemonics, etc.). 


The PL/M compiler efficiently converts free-form PL/M programs into equivalent 8080 instructions. Substantially fewer 
PL/M statements are necessary for a given application than if it were programmed at the assembly language or machine 
code level. 


Since PL/M programs are problem oriented and more compact, programming in PL/M results in a high degree of 
productivity during development efforts. This translates into significant reductions in software development and 
maintenance costs for the user. 
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BENEFITS 


PL/M is designed to be an efficient cost-effective solution 
to the special requirements of microcomputer software 
development as illustrated by the following benefits of 
PL/M use: 


e Low learning effort — PL/M is very easy to learn foreven 
the novice programmer. 


FEATURES 


Major features of the Intel PL/M-80 Compiler and 
programming language include: 


e Resident operation on the Intellec® Microcomputer 
Development System eliminates the need for a large in- 
house computer or costly timesharing system. 


e Generation of relocatable and linkable object code 


permits PL/M programs to be developed and debugged 
in small modules. These modules can be easily linked 
with other modules and/or library routines to form a 
complete application. 


Extensive code optimization results in generation of 


Earlier project completion — Critical projects are 
completed much earlier than otherwise possible 
because PL/M substantially increases programmer 
productivity. 


Lower development cost — Increases in programmer 


productivity translate into lower software development 
costs because less programming resources are 
required for a given function. 


short, efficient CPU instruction sequences. Major 
optimizations include compile time arithmetic, constant 
subscript resolution, and common subexpression 


elimination. e Increased Reliability — PL/M is designed to assist in the 
e The PL/M-80 Compiler fully supports symbolic development of reliable software (PL/M programs are 

debugging with the ICE-80™ In-Circuit Emulator. simple statements of the program algorithm). This 
substantially reduces the risk of costly correction of 
errors in systems that have already reached full 
production status because a simply stated program is 
more likely to correctly perform its intended function. 


¢ Compile time options include general listing format 
commands, symbol table listing, cross reference listing, 
and “innerlist’ of generated assembly language 
instructions. 

e Easier Enhancements and Maintenance — Programs 
written in PL/M are easier to read and easier to 
understand. This means it is easier to enhance and 
maintain PL/M programs as system capabilities expand 
and future products are developed. 


e Block structure aids in utilization of structured 
programming techniques. 


e High Level PL/M statements provide access to 
hardware resources (interrupt systems, absolute 


addresses, CPU input/output ports). 
. Re e Simpler Project Development — The Intellec® Micro- 


computer Development system, with resident PL/M-80, 
is all that is needed for development and debugging of 
software for 8080 microcomputers. This reduces 
development time and cost because expensive (and. 
remote) timesharing or large computers are not 
required. 


e Complex data structures may be defined at a high level. 


e Re-entrant procedures may be specified as a user 
option. 


PROGRAM 
LIBRARY 


ISIS-H 
LOADER 


IStS-it 
TEXT 
EDITOR 


RELOCATABLE 
OBJECT 
MODULE 


PL/M 
SOURCE 


PL/M 
COMPILER 


DEBUG 
LOCATE VIA 
MONITOR 


ISIS-H ASSEMBLY 1S1S-11 RELOCATABLE 
TEXT LANGUAGE RELOCATING OBJECT 
EDITOR SOURCE ASSEMBLER MODULE 


OPTIONAL 
ICE-80™ 

IN-CIRCUIT 

EMULATOR 


The PL/M compiler is an efficient multiphase compiler that accepts source programs, translates them into object code, and 
produces requested listings. After compilation, the object program may be linked to other modules, located to a specific 
area of memory, then executed. The diagram shown above illustrates a program development cycle where the program 
consists of two modules, one PL/M and the other assembly language. 
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MCS-48"™ 
DISKETTE-BASED SOFTWARE 
SUPPORT PACKAGE 
Extends Intellec® Microcomputer Development MCS-48 Assembler Provides Conditional Assembly 


System to Support MCS-48™ Development and Macro Capability 


Universal PROM Mapper, in Conjunction with the 
Takes Advantage of Powerful ISIS-I1 File Handling Universal PROM Programmer, Allows for Easy 
and Storage Capabilities Programming and Verification of 8748 PROMs 


The MCS-48™ Diskette-Based Software Support Package (MDS-D48) comes on an Intel® ISIS-Il System Diskette and con- 
tains the MCS-48 Assembler (ASM48), and the diskette version of the Universal PROM Mapper.(ICE-48'™™ software will be 
included with MDS-D48 when ICE-48 modules are available for shipment. All MDS-D48 owners will receive updated disk- 
ettes containing ICE-48 software at that time.) 


The MCS-48 Assembler (ASM48) translates symbolic 8048 assembly language instructions into the appropriate machine oper- 
ation codes. In addition to eliminating the errors of hand translation, the ability to refer to program addresses with symbolic 
names makes it easy to modify programs when adding or deleting instructions. Conditional assembly permits the programmer 
to specify portions of the master source document which should be included or deleted in variations on a basic system design, 
such as the code required to handle optional external devices. 


Macro capability allows the programmer to define a routine through the use of a single label. ASM48 will assemble the code 
required by the reserved routine whenever the Macro label is inserted in the text. 


Output from the ASM48 is in standard Intel® Hex format. It may be loaded directly to an ICE-48 module for integrated 
hardware/software debugging. It may also be loaded into the Intellec Development System for 8748 PROM programming 
using the Universal PROM Programmer. 


The Universal PROM Mapper (UPM) software available on the MDS-D48 Diskette allows the user to program and verify all 
Intel PROMs, including the PROM in the 8748 and the 8755, while taking full advantage of the Intellec Diskette Operating 
System's powerful file handling and mass storage Capabilities. 
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MCS-48™™ DISKETTE-BASED SOFTWARE SUPPORT PACKAGE 


SAMPLE MCS-48"™ DISKETTE-BASED ASSEMBLEY LISTING Notice: This, IM IN 
Parametric | Sn 
ISIS-I11 8048 MACRO ASSEMBLER, V1.0 PAGE 1 tt 
LOC OBJ SEQ SOURCE STATEMENT 
1 >: DECIMAL ADDITION ROUTINE. ADD BCD NUMBER 
2 :AT LOCATION ‘BETA’ TO BCD NUMBER AT ‘ALPHA’ WITH 
3 : RESULT IN ‘ALPHA.’ LENGTH OF NUMBER IS ‘COUNT’ DIGIT 
4 -PAIRS. (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH 
5 :AND HAVE EVEN NUMBER OF DIGITS OR MSD IS OIF 
6 ;ODD) 
7 INIT MACRO AUGND,ADDND,CNT 
8 MOV RO, #AUGND 
9 LI: MOV Ri, #ADDND 
10 MOV R2, #CNT 
11 ENDM 
12 =; 
OOO1E 13. ALPHA EQU 30 
0028 14 BETA EQU 40 
0032 15 COUNT EQU 5 
0100 16 ORG 100H 
17 INIT ALPHA, BETA, COUNT 
0100 B8iE 18+ MOV RO, #ALPHA 
0102 B928 19+L1: MOV R1, #BETA 
0104 BA32 20+ MOV R2, #COUNT 
0106 97 21 CLR Cc 
0107 FO 22 ~ =P: MOV A, @RO 
0108 71 23 ADDC A, @R1 
0109 57 24 DA A 
010A At 25 MOV @RO,A 
010B- 18 26 INC RO 
010C 19 27 INC R1 
010D EAQ7 28 DJNZ R2, LP 
END 


USER SYMBOLS 
ALPHA OO1E BETA 0028 COUNT 0005 LP 0107 
L1 0102 


ASSEMBLY COMPLETE, NO ERRORS 


ISIS-tl ASSEMBLER SYMBOL CROSS REFERENCE, V1.0 PAGE 1 


SYMBOL CROSS REFERENCE 


BETA 14# 17 
COUNT 15# 17 
INIT 1# 17 
L1 19# 
LP 22# 28 
SPECIFICATIONS ORDERING INFORMATION 
MDS-D48 Part No. Description 
Operating Environment: MDS-D48 MCS-48 ISIS-II Based Support Package 


including ASM48 and Universal PROM 


Required Hardware 
Mapper Software 


Intellec® Microcomputer Development System 
System Console 
Intellec Diskette Operating System 


Optional Hardware 
Universal PROM Programmer 


Documentation Package: 


MCS-48™ Assembly Language Manual 
Universal PROM Mapper Operator’s Manual 
ISIS-Il System User’s Guide 


Shipping Media: 
Diskette 
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MCS-48"™" 
PAPER TAPE BASED ASSEMBLER 


Executes on Intellec® Microcomputer Develop- Conditional Assembly Capability 
ment System 

Powerful Assembler Command Set Gives User 
Provides Complete Symbolic Assembly Capability Added Flexibility During Assembly 


The MCS-48™ Paper Tape-Based Assembler provides symbolic assembly capability for the entire MCS-48 family on the 
Intellec Development System. 


It translates symbolic MCS-48 language instructions into the appropriate machine operation codes. In addition to eliminating 
the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to modify pro- 
grams when adding or deleting instructions. Conditional assembly permits the programmer to specify portions of the master 
source document which could be included or deleted in variations on a basic system design, such as the code required to 
handle optional peripheral devices. 


Output from the MCS-48 Paper Tape-Based Assembler is in standard Intel® Hex format. It may be loaded directly to an 
ICE-48™ module for integrated hardware/software debugging. It may also be loaded into the Intellec Development System 
for 8748 PROM programming using the Universal PROM Programmer and Universal PROM Mapper software. 
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MCS-48™™ PAPER TAPE BASED ASSEMBLER PP 


Otice. This ‘ 
SAMPLE MCS-48"™™ PAPER TAPE BASED ASSEMBLY LISTING 02" imitsg2 "a pectin 
lect to thane Son 
ge. 


INTELLEC MONITOR 8048 ASSEMBLER, VI.O PAGE 1 
LOC OBJ SEQ SOURCE STATEMENT 
0 : ADD THE BCD NUMBER WHOSE LSD IS AT LOCATION 
1 - ALPHA AND STORE RESULT IN ALPHA. LENGTH OF NUMBER 
2 - 1S ‘COUNT’ DIGIT PAIRS. (ASSUME 
3 - BOTH NUMBERS ARE THE SAME LENGTH AND HAVE AN EVEN 
4 - NUMBER OF DIGITS, OR THE MOST-SIGNIFICANT DIGIT 
5 ; 1S ZERO, IF ODD). 
0000 6 ORG 0 
0032 7 ALPHA  EQU 50 
0036 8 BETA EQU 54 
0001 9 COUNT EQU1 
0000 B832 10 ADDBCD: MOV RO, #ALPHA - AUGEND, SUM LSD LOCATION IN REG 0 
0002 B936 11 MOV R1, #BETA ;: ADDEND LOCATION IN REG 1 
0004 BAO1 12 MOV R2, #COUNT ; LOOP COUNTER IN REG 2 
0006 97 13 CLRC 
0007 FO 14 LOOP: MOV A, @RO ; ADD ROUTINE 
0008 71 15 ADDC A, @R1 
0009 5/7 16 DAA 
O00A AO 17 MOV @RO,A ; STORE SUM 
000B 18 18 INC RO : DECREMENT ADDRESS REGS 
000C 19 19 INC R1 
000D EAQ7 20 DJNZ R2, LOOP : LOOP CONTROL 


END 


USER SYMBOLS 
ADDBCD 0000 ALPHA 0032 BETA 0036 COUNT 0001 LOOP 0017 


SPECIFICATIONS ORDERING INFORMATION 

MDS-P48 Part No. Description 

Operating Environment: MDS-P48 MCS-48 Paper Tape Assembler for the 
Required Hardware Intellec® Microcomputer Development System 


Intellec® Microcomputer Development System 
System Console 

Reader Device 

Punch Device 


Required Software 
System Monitor 


Documentation Package: 
MCS-48™ Assembly Language Manual 
Shipping Media: 
Paper Tape 
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INTELLEC’? SYSTEM CRT KEYBOARD DISPLAY 


Teleprinter compatible CRT terminal with detach- 2000-character capacity in 25 lines of 80 characters 
able keyboard each 


Cursor positioning (left, right, up or down) and 


Asynchronous data transfer rates switch selectable : ae 
cursor homing capability 


up to 9600 baud 


Each CRT is complete with cable, power supply, 
RS232C compatible and is system tested with the Intellec system 


The Intellec System CRT Keyboard Display Unit is fully compatible with the Intellec Microcomputer Development System, 
Diskette Operating System and the entire range of the Intellec System In-Circuit Emulator design aids. 


2 


INTELLEC SYSTEM KEYBOARD DISPLAY 
SYSTEM CRT 
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CRT KEYBOARD DISPLAY 


SPECIFICATIONS 


DISPLAY FORMAT 
25 lines X 80 characters 


DISPLAY SIZE 

Approximately 6.5” high X 8.4” wide 
CRT SIZE 

12’' measured diagonally 
CHARACTER SIZE 
Approximately 0.2’ high X 0.1°’ wide 


CHARACTER TYPE 


5 X 7 dot matrix — 2 dot spacing between characters, 


white on black 


CHARACTER SET 
64-character ASCII 
CHARACTER GENERATION 
MOS ROM 


REFRESH RATE 
60 Hz, 50 Hz optional 


REFRESH MEMORY 
MOS shift register 


CURSOR CONTROL 

Left, Right, Up, Down, Home, Carriage Return, Line Feed 
COMMUNICATIONS INTERFACE 

Serial R5232C 

TRANSMISSION RATE 

Switchable to 9600 baud; Monitor program supports 300, 
1200 and 2400 baud 

COMMUNICATION MODE 

Full duplex, half duplex, 10 or 11-bit word asynchro- 
nously only 

PARITY 


Odd, even mark, space — Transmit and receive check or 
no check on received data 


a uSDE 


ORDERING INFORMATION 


Part Number 
MDS-CRT 


Description 
Keyboard 
Display 
Unit 
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CHARACTER MODE 


Character by character transmission 


ERASE MODE 


Erase to end of line, erase to end of memory, clear 


BELL 
Audible alarm when control G is received or 70th charac- 
ter of line 


KEYBOARD 
Standard TTY keyboard, custom designed, detachable 
module, color coordinated by Intel 


INPUT VOLTAGE 
115 VAC +10% 60 Hz 
115 VAC +10% 50 Hz (optional) 
230 VAC £10% 50 Hz (optional) 


OPERATING TEMPERATURE 
5°C to 40°C after warm-up 


TERMINAL SIZE 

Monitor 16.5”. W X 14”°H X 15”"D 
Weight approximately 45 |b 

Keyboard 16.5" W X 3.5" H X 9.7" D 
Weight approximately 7 Ib 


TERMINAL FINISH 


Textured viny| 


OPERATOR CONTROLS 

Keyboard — Brightness, On-Line/Local 

Rear Panel — Power, Full duplex/Half duplex 
|/O baud rate, contrast 


intel 


INTELLEC” 


Provides listing of hard-copy output at 55 lines 
per minute 


Switch-selectable to 80 or 132 characters per 814’’ 
line 


Employs 5X7 dot matrix with standard 2-channel, 
vertical control format 


PRINTER 


Prints up to 4 copies on standard 8%” fanfold 
paper 


Automatic on-off motor switch for quiet operation 


Optional finished metal stand and paper take-up 
tray available 


The Intellec® Printer provides hard copy listings at 10 to 16 times the speed of a teleprinter. Automatic on-off motor control 
allows the user to maintain a low noise environment and yet send information to the printer from the Intellec system console 
without additional manipulation of line printer switches. The user can select a column width of 80 characters per line (10 
characters per inch) or 132 characters per line (16.5 characters per inch) either manually or under program control. Top of 
Page spacing capability is available under user programmable format control. 


The printer uses standard 8%" fanfold paper and can produce up to 4 carbon copies along with the original. Paper can be fed 
from the bottom or rear of the printer for versatility in any lab environment. 


a 
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INTELLEC® PRINTER 
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SPECIFICATIONS 
PRINTING METHOD 


Impact, character-by-character printing, one line character 
buffer 


PRINTING RATE 

Characters — 100 or 165 characters per second 

Full Lines — 55 lines per minute (80 or 132-character 
line) 

TRANSMISSION RATE — PARALLEL 

Up to 75,000 characters per second 


DATA INPUT 


Parallel 


CHARACTER STRUCTURE 
5 X 7 dot matrix, 10-point type equivalent 


CODE 
USASCII — 64 characters printed 


SWITCH CONTROLS 
ON/OFF, SELECT, FORMS OVERRIDE, NORMAL/ 
CONDENSED TOP OF FORM 


INDICATORS 
PAPER OUT, SELECT 
MANUAL CONTROLS 


Form Thickness, Paper Advance Knob 


BUFFER 
One Line Character Buffer 


FORMAT 


80 or 132 characters maximum per line, 6 lines per inch 


PAPER FEED 
Sprocket fed, 4 |.P.S. slew, adjustable to 9%" width 


PAPER 
Standard sprocketed paper 
NUMBER OF COPIES 


Original and up to four carbon copies 
DIMENSIONS 

12%" high, 18%” deep, 2374" wide 
WEIGHT 

66 pounds | 
ELECTRICAL REQUIREMENTS 


115 VAC +10%, 60 Hz (or 230 VAC +10%, 50 Hz as 
option) 


TEMPERATURE 

Operating — 40° to 100°F 

Storage — -40° to 160°F 

HUMIDITY 

Operating — 5% to 90% (no condensation) 
Storage — 0% to 95% (no condensation) 
OPTIONS 

MDS-STD finished metal stand and paper tray 
WARRANTY 


The MDS-PRN is warrantied against defects in materials 
and workmanship for a period of one (1) year on mechan- 
ical parts, 90 days on electrical parts, and 45 days on 
labor. 
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ORDERING INFORMATION 


Part Number Description 

MDS-PRN Printer Unit 

MDS-STD Stand and 
Paper Tray 
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INTELLEC* HIGH SPEED PAPER TAPE READER 


Loads 16K Intellec® program memory in less than Data transfer at asynchronous rates in excess of 
3 minutes. 2000 characters per second 

20 times faster than standard ASR-33 Teletype 

reader. Rack-mountable or stand-alone 


The Intellec® High-Speed Paper Tape Reader is an Intellec peripheral that reads paper tape over twenty times faster than the 
standard ASR-33 Teletype reader. This translates into a significantly faster development cycle due to a marked reduction in the 
time required for repetitive program loading, assembly, and editing operations. 


The monitor software provides two key capabilities which significantly enhance the system's performance of the high-speed 
reader. A general-purpose paper tape reader driver is included in the Intellec Monitor which enables all system software or user- 
written application programs to utilize the high-speed reader features. The monitor also provides dynamic !/O reconfiguration, 
permitting reassignment of the high-speed reader to other logical input devices. 


Reader data and command interface hardware is provided with the basic Intellec. A reader/Intellec system interface cable is 
included with the unit. A fanfold tape guide is also included to provide fanfold punch capability to the ASR-33 Teletype. 


The high-speed reader may be used as a table-top unit or mounted in a standard 19’ RETMA cabinet. 
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HIGH SPEED PAPER TAPE READER 
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SPECIFICATIONS 


TAPE MOVEMENT 
Tape Reader Speed: 

O to 200 characters per second asynchronous 
Tape Stopping: 

Stops ‘’On Character” 


TAPE CHARACTERISTICS 
Tape must be prepared to ANSI X 3.18 or EMCA 10 
Standards for base materials and perforations. 


Reads tape of any material with thickness between 0.0027" 
and 0.0045” with transmissivity less than or equal to 57% 
(oiled buff paper tape). 


Tape loading: in line 
Tape width: 1 inch 


PHYSICAL CHARACTERISTICS 
Height: 7.75 in. (19.69 cm) 
Width: 19.25 in. (48.90 cm) 
Depth: 11.62 in. (29.52 cm) 
Weight: 13 lb (5.9 kg) 


ELECTRICAL CHARACTERISTICS 

AC Power Requirements: 
3-wire input with center conductor (earth ground) tied 
to chassis. 100, 115, or 127 VAC, single phase at 3.0 
amps or 220 or 240 VAC and 1.5 amps; 47 to 63 Hz. 


13-44 


ENVIRONMENTAL CHARACTERISTICS 
Temperature: 
Operating: 0 to 55°C (free air) 
Non-operating: -55°C to +85°C 
Humidity: 
Operating: Up to 90% relative humidity without con- 
densation. 
Storage: All conditions without condensation of water 
or frost. 


EQUIPMENT SUPPLIED 

Paper Tape Reader 

Reader Cable 

Fanfold Tape Guide 

Fanfold Paper Tape 

Hardware Manual 

Installation and Operations Guide 
Fanfold Guide Installation Instructions 


ORDERING INFORMATION 
Part Number 
MDS-PTR 


Description 


Paper Tape Reader 
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UPP-101, UPP-102 
UNIVERSAL PROM PROGRAMMER 


Intellec® Development System Peripheral for 


PROM programming and verification 


Personality cards available for programming all 
Intel® PROM families 


Zero insertion force sockets for both 16-pin and 
24-pin PROMs 


Universal PROM Mapper software provides power- 
ful data manipulation and programming commands 


Flexible power source for system logic and pro- 
gramming pulse generation 


Holds 2 personality cards to facilitate programming 
operations using several PROM types 


The Universal PROM Programmer (UPP) is an Intellec® System peripheral capable of programming and verifying the follow- 
ing Intel Programmable ROMs (PROMs): 1702A, 2704, 2708, 2716, 3601, 3602, 3604, 3621, 3622, 3624, 8072A, 8704, 
8708. In addition, the UPP programs the PROM memory portions of the 8748 Microcomputer and the 8755 PROM and I/O 
chip. Programming and verification operations are initiated from the Intellec Development System console and are controlled 


by the Universal PROM Mapper (UPM) program. 


a RESET 
3 > 


universal prom p 
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PROGRAMMING 
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SOCKET ¥ SOCKET 2 


UPP-101, UPP-102 
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FUNCTIONAL DESCRIPTION 


The basic UPP consists of a controller module, two 
personality card sockets, front panel, power supplies, 
chassis and an Intellec Development System intercon- 
nection cable. An Intel 4040-based intelligent controller 
monitors the commands from the Intellec System and 
controls the data transfer interface between the selected 
PROM personality card and the Intellec memory. A unique 
personality card contains the appropriate pulse genera- 
tion functions for each Intel PROM family. Programming 
and verifying any Intel PROM may be accomplished by 
selecting and plugging in the appropriate personality 
card. The front panel contains a power-on switch and 
indicator, reset switch, and two zero-force insertion 
sockets (one 16-pin and one 24-pin or two 24-pin). A 
central power supply provides power for system logic and 
for PROM programming pulse generation. 


The Universal PROM Programmer may be used as a table 
top unit or mounted in a standard 19” RETMA cabinet. 


The Universal PROM Mapper (UPM) is the software 
program which controls transfers of data between paper 
tape or diskette files and a PROM plugged into the 


Universal PROM Programmer. It uses Intellec System 
memory for intermediate storage. The UPM transfers data 
in 8-bit HEX, BNPF, or binary object format between paper 
tape or diskette files and the Intellec System memory. 
While the data is in Intellec System memory, it can be 
displayed and changed. In addition, word length, bit 
position, and data sense can be adjusted as required for 
the PROM to be programmed. PROMs can also be 
duplicated or altered by copying the PROM contents into 
the Intellec System memory. Easy-to-use PROGRAM and 
COMPARE commands give the user complete control 
over programming and verification operations. The UPM 
eliminates the need for a variety of personalized PROM 
programming routines because it contains the program- 
ming algorithms for all Intel PROM families. 


There are two versions of the UPM: one that runs under 
Intellec System Monitor (paper tape system), and one that 
runs under ISIS-II, the Intellec Diskette Operating System 
(diskette-based system). The paper tape version is 
included with the Universal PROM Programmer. The 
diskette-based version of the UPM is available on all ISIS- 
il system diskettes. 


HARDWARE INTERFACE 


Data: Two 8-bit unidirectional buses 
Commands: 3 Write Commands 
2 Read Commands 
Initiate Command 


PHYSICAL CHARACTERISTICS 


Dimensions: 6” x 7" x 17” 
14.7 cm x 17.2 cm x 41.7 cm 


Weight: 18 Ib (8.2 kg) 


ELECTRICAL CHARACTERISTICS 
AC Power Requirements: 50-60 Hz; 115/230 VAC: 80 Watts 


ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0°C to 55°C 


EQUIPMENT SUPPLIED 


Cabinet 

Power Supplies 

4040 Intelligent Cdntroller Module 

Specified Zero Insertion Force Socket Pair 

Intellec® Development System Interface Cable 

Hardware Reference Manual 

Reference Schematics 

Universal PROM Mapper Operator’s Manual 

Universal PROM.Mapper program (paper tape version — 
disk-based version available on ISIS-II diskettes) 


ORDERING INFORMATION 


Universal PROM Programmer: 
UPP-101: with 16-pin/24-pin socket pair 
UPP-102: with 24-pin/24-pin socket pair 


OPTIONS 


Personality Cards: 
UPP-361: 3601 Personality Card 
UPP- 816: 2716 Personality Card 
UPP-848: 8748 Personality Card with 40-pin adaptor 
socket 
UPP-855: 8755 Personality Card with 40-pin adaptor 
socket 
UPP-864: 3604/3624 Personality Card 
UPP-872: 8702A/1702A Personality Card 
UPP-878: 8708/8704/2708/2704 Personality Card 
Adaptor Sockets: 
UPP-362: 3602/3621/3622 adapter, for use with UPP- 
864 Personality Card 
PROM Programming Sockets: 
UPP-501: 16-pin/24-pin socket pair 
UPP-502: 24-pin/24-pin socket pair 
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SIM-101, SIM-102, SIM-104 
ROM SIMULATOR 


Extends the powerful Intellec diagnostic capabili- 
ties into user-configured systems, allowing simula- 
tion of the user system’s bipolar ROM/PROM 
memory 

Direct Intellec connection to the user-configured 
system via external cables and Intel’s ROM/PROM 
compatible dual-in-line connectors 

Simulates Intel’s standard bipolar ROMs and 
PROMs 


Modular design allows the user to configure simula- 
tion modules to particular memory space require- 
ments 


Directly load the ROM Simulator modules from 
the output of the Intel Cross Microassembler, 


CROMIS 


Access the configured memory space from the 
console keyboard using simulated ROM addresses 


Examine an entire word regardless of length; i.e., 8 
bits, 10 bits, 32 bits etc. 


Modify an entire word in a single operation regard- 
less of length 


Read access time is 130 ns, maximum 


Each ROM-SIM module consists of a high-speed, 130-nanosecond 8K bit RAM board, buffer assembly, external cables, and an 
interactive software program. The ROM-SIM software is a PL/M-80 program that operates in the Intellec system to provide the 
user interface for the ROM-SIM hardware. The software loads BNPF or hexadecimal files such as those generated by the Cross 
Microassembler System, CROMIS. The ROM-SIM software has the capability to compare and verify microcode, load, display and 
modify simulated control store contents, and output new BNPF or hexadecimal files from the simulated ROM memory for 


ROM/PROM programming. 


SIM-101, 102 


SIM-104 


SIM-101, SIM-102, SIM-104 


ROM SIMULATOR HARDWARE 


The ROM Simulator Module consists of a memory board 
mounted in the Intellec system chassis, and an external 
Buffer Assembly connected to the Memory board by two 
flat cables for transferring address and data separately. 
The chip interconnect cables are 10-inch, twisted-pair 
cables with either two or four connectors, depending on the 
user’s system configuration. These dual-in-line plugs con- 
nect directly to ROM chip sockets in the user’s system. 


The ROM-SIM modules can be configured to fit the user 
system’s memory space. The simulated chips (or their 
equivalents) are listed below: 


PRODUCT INTEL® SIMULATED CHIP 


SIM-101 3601/3301A 
SIM-102 3602/3622/3302 
SIM-104 3604/3624/3304A/3324A/8604 


Simulation of data output drivers can be converted from 
three-state to open collectors, or open collector to three- 


state, by replacing the driver IC’s inside the Buffer 


Assembly. 


Data from the Intellec System is written into the random- 
access memory of the ROM Simulator under software 
control. A user system can read data from ROM Simulator 
memory by inputting memory addresses, just as if the ROM 
Simulator was an array of ROM chips in the user system. 
At any point, the entire memory contents can be displayed 
and/or modified by the operator, regardless of physical 
ROM chip boundaries. 


One ROM Simulator module simulates a block of memory, 
either 512 X 16 bits or 1024 X 8 bits. Therefore, each 
ROM Simulator module can simulate the equivalent 
capacity of two Intel 3604/3624/3304A/3324A/8604 chips 
(512 X 8 organization), four Intel 3602/3622/3302 chips 
(512 X 4 organization), or eight Intel 3601/3301A chips 
(256 X 4 organization). If additional capacity is needed, 
additional Simulator modules can be added as required. 


The Intellec System can accommodate a maximum of four 
Simulator modules (the limie of the system power supply) 
to allow configurations such as 512 words X 64 bits, 1024 
words X 32 bits, 2048 words X 16 bits, and 4096 words X 
8 bits. 


Because of the ROM Simulator’s flexibility and its inter- 
action with the Intellec system software, a wide variety of 
memory configurations can be simulated and software/firm- 
ware programs can be readily debugged. When the user is 
satisfied that the memory configuration and programs are 
adequate for use in the prototype system, the ROM Simu- 
lator, working in conjunction with a paper tape !/O device, 
creates paper tapes for ROM or PROM programming. 
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The ROM Simulator uses a buffer module between the 
user's system and the Simulator to minimize the capacitive 
loading seen by the user’s address drivers. Address signals 
are brought into the buffer by a cable from one chip; as an 
option, address signals are propagated to the Simulator 
memory boards within the Intellec chassis. As a result, 
effective Simulator access time is significantly improved 
and the capacitive loading on the user’s ROM Simulator 
closely resembles the actual user ROMs or PROMs. 


The interchange among the ROM Simulator products, 
SIM-104, SIM-102, and SIM-101, is accomplished by replac- 
ing the 10-inch chip interface cables. 


ROM SIMULATOR SOFTWARE 


The ROM Simulator Software provides the user with com- 
plete control of the structure and contents of the object 
code file which resides in the simulated hardware. Micro- 
code such as that generated by Intel’s Cross Microassembler 
System, CROMIS, is handled with the following compre- 
hensive repetoire of System Commands: 


e The LOAD command allows BNPF or hexadecimal 
paper tapes to be loaded into specified areas of the ROM 
Simulation Hardware. 


e The VERIFY command compares data on paper tape 
with that loaded in memory and identifies any inconsis- 
tencies. 


e The PUNCH command punches the contents of specified 
memory modules to paper tape in hexadecimal or BNPF 
format. 


e The INVERT command complements a specified area of 
simulated memory to compensate for cases of mode in- 
compatibility on input tapes. 


e The DISPLAY MEMORY command prints the contents 
of the specified simulated memory to the terminal. 


e The CHANGE MEMORY command allows for user mod- 
ification of selected memory locations to aid in inter- 
active debugging of user code. 


e The BASE and CODE commands allow the user to 
change the default values for the base of numbers 
printed and the format of tapes loaded and punched. 


e The GROUP command allows for insertion of a special 
delimeter in memory content displays for improved 
readability. 


e The OFFSET command is used to bias the DISPLAY 
and CHANGE commands when segments of memory are 
debugged separately. 


e The RESTART and EXIT commands are used to rein- 
itialize a simulation sequence and to return control to 
the system Monitor upon completion of a simulation. 


ROM-SIM software will reside with the monitor in the basic 
16K Intellec System. An additional Intellec product de- 
signed to assist in the development efforts of users of the 
Intel 3000 Series elements is |CE-30. This package provides 
for In-Circuit Emulation of the 3001 Microprogram Control 
Unit. Users ordering ICE-30 will obtain the ROM-SIM 
software capabilities as a subset of that package. 


SIM-101, SIM-102, SIM-104 


PROVIDE HIGH ORDER CHIP INTERFACE ADDRESS 
ADDRESS BITS, ONLY AND DATA CABLE (ONE) 
iF INTEL 3601 
PROM TYPE USER ROM iF INTEL 3601 PROM TYPE, 
RE SOCKETS PROVIDE UP TO 4 : a 
‘ce ceaeex ce Bie are (2 OR 4) HIGH-ORDER ADDRESS BITS a EOC RIERC NOT 
| ONE CHIP rt =B} CHIP SOCKETS 
UP TO 12] | | 
POU BESS ENTS | ee —— | CHIP INTERFACE DATA CABLE 
3 : 16DATA L——J MDS Hehe aut (ONE FOR SIM-104, THREE FOR 
_ -~ BITS DATA CABL SIM-102, 101) 


16 DATA 
BITS MDS INTERFACE 


ADDRESS CABLE 


TO NEXT ROM-SIM 
MODULE 


SORINEGHION CABLE (EXTERNAL TO THE 
INSIDE MDS) ASSEMBLY 4-FT EXTERNAL — INTELLEC CHASSIS) 


CABLE 
MEM. PROT. 

SW. 
coe ee 


MODULE 
SELECT 
AND 
ADDRESS 
DECODING 


UP TO 12 
ADDRESS BITS 


| 
| 
| 
| 
lq ROM-SIM 


MEMORY BOARD 


BIPOLAR 
RAM 
(8K BITS) 


| 51216 OR 1K «8 BITS 
| CAPACITY INSIDE THE 
INTELLEC 


CHASSIS 
‘+ 12" BOARD 


yee ate are Be eee oat] 


ADDRESS DATA 
BITS (16) BITS (8) RECO BUS 
INH. R/W 
RAM COMMANDS 
INTELLEC MDS BUS 
Fig. 1. Data Flow of ROM-SIM Module Fig. 2. Cable Connection of ROM-SIM Module 
SPECIFICATIONS 


DC CHARACTERISTICS 
Ta =0°Cto 55°C, Voc = 5.0V +5% 


LIMITS 
SYMBOL PARAMETER 


Input Load Current 
Low Order Addr AQ-A8 
High Order Addr A9-AB 
Chip Selects 


TEST CONDITION 


Output Low Voltage Vcc = 4.75V, lot = 16 mA 


VoL 


Output Short Circuit Current at Vo =OV, Vcc = 5V 
Single Output 
Output Leakage Current se AH — = 5.25V 


ABSOLUTE MAXIMUM RATINGS CAPACITANCE LOAD 


Temperature Under Bias .........ccccccssssseeseeeeseeees 0°C to 55°C Low Order Address, Chip Selects | 45 pF max. 
Storage TEMperature .........ccessecccesseeeeseneeeeees -20°C to 75°C High Order Address (Coaxial) 50 pF max. 
All Outputs or SUPPLY .........eeseceeessesstreteees -0.5V to 7.0V eee 
C Data Output 50 pF max. 
7An Trt oie aera nee Ce a eee -1.0V to 5.5V CUS eee es ales 
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SIM-101, SIM-102, SIM-104 


AC CHARACTERISTICS 
Ta =0°C to 55°C, Voc = 5.0 +5% 


| LIMITS (ns) 
seeing cas | Min | TYP | Max | 


ta_, ta+ Address to Data Output Delay | so | a0 


CONDITIONS OF TEST: 


Address Input Rise and Fall Times: 10 ns between 0.8V and 2.0V 


Measurements made at 1.5-volt level. 
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intel 


INTELLEC* PROMPT 48” 
MCS-48”" MICROCOMPUTER DESIGN AID 


Complete Design Aid and EPROM Programmer 
for revolutionary MCS-48™ Single Component 
Computers including: 


CPUs 8-bit MCS-48™ : 8748, 8035 

Program 1K byte erasable, reprogrammable on- 

Memory chip (8748), expandable. 1K byte 
RAM in PROMPT™ system. 

Register 64 bytes RAM on-chip, expandable 

Memory 

Data 256 bytes RAM in PROMPT™ system, 

Memory expandable 

1/O 27 TTL compatible 1/O lines on-chip, 
expandable 

Control On-chip clock, internal timer/event 
counter, two vectored interrupts, 
eight level stack 

Power Single +5 VDC system 


Low Cost 


Simplifies microcomputing — enter, run, debug, 
and save machine language programs with 
calculator-like ease 


Complete with two removable MCS-48™ CPUs: 


8748 CPU with erasable, reprogrammable 


program memory on-chip 
8035 


Integral keyboard and displays (no teletype- 
writer or CRT terminal required) 


CPU program memory is off-chip 


Extensive PROMPT 48™ monitor allows system 
1/O, bus and memory expansion 


Intellec® Microcomputer Development System 
compatible 


Comprehensive Design Library 


Intellec PROMPT 48 is a low cost, fully-assembled design aid for the revolutionary 8748 single component microcomputer. 
PROMPT 48 simplifies the programming of MCS-48 systems — programs can be entered and debugged with calculator-like 
ease on the large, informative display and keyboard panel. The comprehensive design library with tutorial manual is ideal for 


newcomers to microcomputing. 


PROMPT 48's panel connector allows easy access to I/O ports and system bus. Thus users can expand program memory 
beyond the 1k bytes provided internally. PROMPT 48 can serve as an economical 8748 Specialized PROM Programmer (SPP) 
peripheral in Intellec Microcomputer Development Systems. 
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INTELLEC* PROMPT 48™ 


The 8748 is the first microcomputer fully integrated on 
one component. All elements of a computing system are 
provided, including CPU, RAM, I/O, timer, interrupts and 
erasable, reprogrammable non-volatile program memory. 


PROMPT’s PROGRAMMING SOCKET programs _ this 
revolutionary ‘‘smart PROM” — the 8748 — in a highly 
reliable, convenient manner. A fail-safe interlock ensures 
the device is properly inserted before applying programming 
pulses. Each location may be individually programmed, 
one byte at a time. A read-before-write programming 
algorithm prevents device damage by inadvertently pro- 
gramming unerased memory. 


The EXECUTION SOCKET accepts an 8035 or an 8748. 
Both are supplied with each PROMPT 48, and either can 
serve as heart of the PROMPT system. There are no proces- 
sors within the PROMPT 48 mainframe, which instead 
contains monitor ROM and RAM, user RAM, peripherals, 
drivers, and sophisticated control circuitry. 


Once a processor is seated in the execution socket and 
power is applied the PROMPT system comes to life. One 
can select various access modes such as program execution 
from PROMPT system RAM, or from on-chip PROM. Thus 
programs can first be executed from PROMPT RAM with 
the 8035 processor. When debugging is complete, the 8035 
(execution socket) processor can program the 8748 (pro- 
gramming socket) processor. Finally, a programmed 8748 
processor can be exercised by itself from the execution 
socket. The execution socket processor runs either monitor 
or user programs. 


SYSTEM RESET initializes the PROMPT system and enters 
the monitor. MONITOR INTERRUPT exits a user program 
gracefully, preserving system status and entering the 
monitor. USER INTERRUPT causes an interrupt only if 
the PROMPT system is running a user program. 


A comprehensive system monitor resides in four 1K byte 
read-only memories. It drives the PROMPT keyboard and 
displays and responds to COMMANDS and FUNCTIONS. 


The top 16 bytes of on-chip program memory must be used 
by the PROMPT system to switch between monitor and 
user programs. It requires one level of the MCS-48 eight- 
level stack. 
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PROMS HB ABAAT RED 
SRICKET 


RESET. HATERRUPT GROUP 


PROMPT 48’s COMMANDS are grouped and color-coded 
to simplify access to the 8748's separate program and data 
memory. You can EXAMINE and MODIFY registers, data 
memory or program memory. 


Then either the NEXT or PREVIOUS register and memory 
locations can be accessed with one keystroke. 


Programs can be exercised in three modes. GO NO BREAK 
runs in real time. GO WITH BREAK is not real time — after 
each instruction the MCS-48 program counter is compared 
against pending breakpoints. If no break is encountered, 
execution resumes. GOSINGLE STEP exercises one 
instruction at a time. 


Commands are like sentences, with parameters separated by 
(-] NEXT. Each command ends with [] EXECUTE/END. 


In addition to the PROMPT basic COMMANDs, thirteen 
functions simplify programming. Each is started merely 
by pressing a HEX DATA/FUNCTIONSs key and entering. 
parameters as required. 


INTELLEC® PROMPT 48™ 


4/O8 PORTS 
TS PRPRE TS VOR 


prompt 48. 


CODA ASS / FUIC TION GROUP 


ria 
LA 


COMMANDS 


a ¢ £3 


Coa $ bad 
PPUPCTIONN § 


PDIORESS HY 
HEX DATA / FUNCTIONS 


QiPwark 
Sake] ee 


CER Poni nious 


ERECUTE, END 


Port 2MAP allows you to specify the direction of each 
pin on port 2. Port 2 is multiplexed to address external 
program memory and expand I/O. Thus it must be 
buffered; the P2 MAP command establishes the direc- 
tion of buffering. 

Program EPROM programs 8748 EPROMs. 


Byte Search with optional mask sweeps through 
register, data or program memory searching for byte 
matches. Starting and ending memory addresses are 
specified. 

Word Search with optional mask sweeps through 
register, data or program memory searching for word 
matches. Starting and ending memory addresses are 
specified. 

Hex Calculator 
differences. 


8748 Program for Debug is similar to Program EPROM, 
but ensures that the top of program memory contains 
monitor reentry code for debugging. 


computes hexadecimal sums and 


An optional cable, PROMPT-SER, directly connects the 
PROMPT system to virtually any terminal via a rear access 
slot. Another cable, PROMPT-SPP, allows programs and 
data to be downloaded from the Intellec Microcomputer 
Development System to the PROMPT system for debugging. 


You enjoy easy access to the pins of the executing pro- 
cessor via this 1/O PORTS and BUS CONNECTOR. Only 
the EA external access, SS single step and X1, X2 clock 
inputs are reserved for the PROMPT system. 


Thus program or data memory may be expanded beyond 
that provided on-chip or in the PROMPT system. |/O ports 
can be expanded, as with the 8243, or peripheral controllers 
can be memory-mapped. The !/O ports and Bus connector 
allows the execution socket processor to be directly inter- 


faced to your prototype system, yet be controlled from the 
PROMPT panel. 


The COMMAND/FUNCTION GROUP panel keyboard and 
displays completely control PROMPT 48 — a teletypewriter 
or CRT terminal is not needed. 


A hyphen prompting character appears whenever a 
command or function can be entered. Addresses and data 
are shown whenever EXAMINing registers and memory. 
Parameters for COMMANDs and FUNCTIONs are also 
shown. 


Compare wil! verify any portion of EPROM program 
memory against PROMPT memory. 


{9] Move Memory allows blocks of register, data or pro- 
gram memory to be moved. 


Access specifies one of six access modes for PROMPT 
48. For example, EPROM, PROMPT RAM or external 
program memory, and a variety of input/output 
options may be selected. 


Breakpoint allows you to set and clear any or all of the 
eight breakpoints. 


Clears portions of register, data or program memory. 


Dumps register, data, or program memory to PROMPT’s 
serial channel, for example a teletypewriter paper tape 
punch. 


Enter (reads) register, data or program memory from 
PROMPT’s serial channel. 


Fetches programs from EPROM to PROMPT RAM. 
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INTELLEC® PROMPT 48™ 


PROMPT 48™ SIMPLIFIES MICROCOMPUTING 


Intellec PROMPT 48 simplifies the programming of MCS-48 
systems. Like the 8748 it is radically new, highly integrated, 
and expandable. Like the MCS-48 family, it is low cost, and 
ideal for small applications and programs. !t is a design aid, 
not a development system with sophisticated software and 
peripherals. 


“PROMPT” stands for PROgraMming Tool. It is a program- 
mer for 8748 EPROMs, and a versatile aid for debugging 
MCS-48 programs. Programs can be entered via its integral 
panel keyboard, programming socket, or serial channel. 
Almost any terminal can be interfaced to the serial channel, 
including a teletypewriter, CRT, or the Intellec Micro- 
computer Development System. 


Programs, written first in assembly language, are entered 
in machine language and debugged with calculator-like ease 
on the large, informative display and keyboard panel. Most 
MCS-48 operations can be specified with only two key- 
strokes. 


Once entered, routines can be exercised one instruction 
(single step) or many instructions at a time. The principal 
MCS-48 register — the accumulator — is displayed while 
single-stepping. Programs can be executed in real-time 
(GO NO BREAK) or with as many as eight different 
breakpoints (GO WITH BREAK). 


PROMPT 48 is a complete, fully assembled and powered 
microcomputer system including program memory, data 
memory, !/O and system monitor beyond that available on 
MCS-48 single component computers. 1K bytes of PROMPT 
system RAM serve as ‘writable program memory” — a 
ROM simulator for the program memory on each MCS-48 
computer. 256 bytes of PROMPT system RAM serve as 
“external data memory,” beyond the 64 register bytes on 
each MCS-48 computer. Users may further expand pro- 
gram or data memory via the panel |/O PORTS and BUS 
CONNECTOR. 


The PROMPT 48 manual includes chapters for the reader 
with little or no programming experience. Topics treated 
range from number systems to microcomputer hardware 
design. A novel, unifying set of tutorial diagrams — 
MICROMAPs — simplify microcomputer concepts. 
PROMPT’s handy, pocket-sized reference cardlet can be 
affixed to the mainframe. Programming pads aid in the 
organization and documentation of programs. These 
features, plus a comprehensive design library of manuals, 
articles and application notes, make the Intellec PROMPT 
48 ideal for the newcomer to microcomputing. 


THE REVOLUTIONARY MCS 48™ SINGLE 
COMPONENT COMPUTER 


Advances in n-channel MOS technology allow Intel, for the 
first time, to integrate into one 40-pin component all 
computer functions: 


8-bit CPU 
1K x 8-bit EPROM/ROM Program Memory 
64 x 8-bit RAM Data Memory 
27 Input/Output Lines 
8-bit Timer/Event Counter 


More than 90 instructions — each one or two cycles — make 
the single chip MCS-48 equal in performance to most 


multi-chip microprocessors. The MCS-48 is an efficient 
controller and arithmetic processor, with extensive bit 
handling, binary, and BCD arithmetic instructions. These 
are encoded for minimum program length: 70% are single 
byte operation codes, and none is more than two bytes. 


Three interchangeable, pin-compatible devices offer flexi- 
bility and low cost in development and production: 

8748 with user-programmable and erasable EPROM 
program memory for prototype and pre- 
production systems 

8048 with factory-programmed mask ROM memory 
for low-cost, high volume production 

8035 without program memory, for use with 
external program memories 


Each MCS-48 processor operates on a single +5V supply, 
with internal oscillator and clock driver, and circuitry for 
interrupts and resets. Extra circuitry is in the 8048 ROM 
processor to allow low power standby operation: the 64x 8 
RAM data memory can be independently powered. 


For systems requiring additional compatibility, the MCS-48 
can be expanded with the new 8243 1/0 expander, 8155 I/O 
and 256 byte RAM, 8755 1/O and 2K byte EPROM or 
8355 1/O and 2K ROM devices. MCS-48 processors readily 
interface to MCS-80/85 peripherals and standard memories. 


PROMPT 48 comes complete with two of these revolu- 
tionary MCS-48 processors — an 8748 and an 8035. 


EXPANDING PROMPT 48™ 


PROMPT 48 may be expanded beyond the resources on the 
MCS-48 single component computer and those in the 
PROMPT system. External program and data memory may 
be interfaced and input/output ports added with the 8243 
1/O Expander. 


The PROMPT panel I/O Ports and Bus Connector allow 
easy access to all MCS-48 pins except those reserved for 
control by the PROMPT system, namely EA external access, 
SS single step, and X1, X2 clock inputs. 


A Specialized PROM Programmer Kit, the PROMPT-SPP, 
allows PROMPT 48 to serve as an economical 8748 
Specialized PROM Programmer peripheral in Intellec 
Microcomputer Development Systems. The PROMPT-SPP 
cable plugs directly into the rear panel of the Intellec 
Microcomputer Development System. 


PROMPT 48 can be fully controlled either by the panel 
keyboard and displays, or remotely by a serial channel. 
Thus a teletypewriter or CRT can be used but neither is 
required. Full remote control by a serial channel means 
users can download and debug programs using the PROMPT 
48 together with an Intellec Microcomputer Development 
System. 


ae es es et 
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INTELLEC® PROMPT 48™ 


SPECIFICATIONS 


TIMING 
Basic Instruction 2.5 usec 
Cycle Time tcy = 2.5 usec 
Clock 6 MHz +0.1% 


MEMORY BYTES 


Maximum On Chip In PROMPT 48 
Register 64 64 0 
Data 3328 0 256 
Program 4096 1024 EPROM 1024 RAM 


The 8748 contains 64 bytes of register memory, no external data 
memory,and 1024 bytes of EPROM program memory. The PROMPT 
system provides 256 bytes of external data memory, and 1024 bytes 
of RAM program memory. PROMPT RAM program memory can be 
used in place of the On-Chip EPROM program memory; thus 
programs less than 1024 bytes may be designed. For larger programs 
additional memory can be directly interfaced to the MCS-48 bus via 
the PROMPT panel !/O Ports and Bus Connector. 


1/0 PORTS 
All MCS-48 1/O Ports are accessible on the PROMPT panel connector. 


BUS is a true bidirectional 8-bit port with associated strobes. If 
the bidirectional feature is not needed, bus can serve as either 
a statically latched output port or a non-latching input port. Input 
and output lines cannot be mixed. 


PORTS 1 AND 2 are each 8 bits wide. Data written to these ports is 
latched and remains unchanged until written. As inputs these lines 
are not latching. The lines of ports 1 and 2 are called quasibidirec- 
tional. A special output structure allows each line of port 1 and half 
of port 2 to serve as an input, an output, or both. Any mix of input, 
output, and both lines is allowed. 


Three pins — TO, T1 and INT — can serve as inputs; TO can be 
designated as a clock output. Input/Output can be expanded via the 
PROMPT panel connector with a special 1/O expander (8243) or 
standard peripherals. 


RESET and INTERRUPTS 


RESET initializes the PROMPT system and enters the monitor. 
MONITOR INTERRUPT exits a user program gracefully, preserving 
system status and entering the monitor. USER INTERRUPT causes 
an interrupt only if the PROMPT system is running a user program. 
The processor traps to location 34g. The MCS-48 timer/event counter 
is not used by the PROMPT system and is available to the user. 


Either timer flag or interrupt will signal when overflow has occurred. 
The timer interrupt can be used only in the GO NO BREAK (real 
time) mode. 


EPROM PROGRAMMING 


PROMPT 48 provides a programming socket to directly program 
8748s. Programs are loaded into the PROMPT RAM program 
memory via keyboard, EPROM, teletypewriter, or other serial 
interface. 


A fail-safe interlock ensures programming pulses are applied only if 
the device is properly inserted. Inadvertent reprogramming is 
prevented by a read-before-write programming algorithm. Each 
location may be individually programmed, one byte at a time. 


PANEL I/O PORTS and BUS CONNECTORS 


All MCS-48 pins, except five, are accessible on the I/O Ports and 
Bus Connector. The five reserved for PROMPT system contro! are 
EA external access, SS single step, X1, X2 crystal inputs, and 5V. 


Due to internal buffering of the MCS-48 bus, access times will be 
negligibly degraded by the PROMPT system. Since MCS-48 proces- 
sors do not communicate internal address gate status, bus data must 
be driven out if neither PSEN nor RD is asserted. 


SYSTEM DEVICES 


Both user programs and the PROMPT monitor enjoy access to 
system devices: serial 1/O, panel displays and keyboard. These are 
memory-mapped to program memory addresses beyond 2K. 


The SERIAL 1/O port (data 82016, control 82146) is defined by 
software and jumpers for 110 baud, 20mA current loop, but can 
easily be jumpered for other baud rates and RS232C levels. Asynch- 
ronous or synchronous transmission, data format, control characters, 
and parity can be programmed. 


Software is used to debounce the PANEL KEYBOARD (data 
81046). The monitor's input routines (see SOFTWARE DRIVERS) 
provide this debouncing and can be called from user programs. 


Eight display ports (data 810-81746) allow each of the PANEL 
DISPLAYS to be written from user programs. Data written on a 
display device will time out after a fixed interval. Displays must be 
refreshed on a polled or interrupt-driven basis. User programs can 
call SOFTWARE DRIVERS which provide this capability. 


COMMANDS 
O Single Step 0 Register 

0 GO}{ O With Break O Examine/Modify{ 0 Data Memory 
O No Break O Program 

O Open Previous/Clear Entry @ Next © Execute/End 

FUNCTIONS 

[2] Port 2 Map (8} Compare EPROM with memory 


(3) Program EPROM (8748) Move Memory (R, D or P) 
(4) Search (R, D or P)* Memory for Access 

1 byte, optional mask Breakpoint 
Search (R, D or P) Memory for Clear Memory (R, D or P) 

2 bytes, optional mask Dump Memory (R, D or P) 
Hexadecimal Calculator +, - (E) Enter (Read) Memory (R, D or P) 
(2) 8748 Program EPROM for Debug fF] Fetch EPROM Program Memory 


*R, Dor P is Register, Data or Program. 
SOFTWARE DRIVERS 


Panel Keyboard In: KBIN, KDBIN 
Panel Display Out: DGS6, DGOUT, HXOUT, BLK, REFS, ENREF 
Serial Channel: Cl, CO, RI, PO, CSTS 


CONNECTORS 


Serial 1/O: 3M 3462-0001 Flat Crimp/AMP 88106-1 Flat Crimp/ 
TlH312113 Solder/AMP 1-583485-5 Solder. 

Panel 1/O Ports and Bus Connector: 3M 3425 Flat Crimp. A 
complete cable set including wirewrap header for prototyping is 
included with each PROMPT. 


EQUIPMENT SUPPLIED 

PROMPT 48 mainframe with two MCS-48 processors (8748, 8035), 
display/keyboard, EPROM Programmer, power supply, cabinet and 
ROM-based monitor. 

110 VAC power cable, 110 or 220 VAC, fuse, Panel !/O Ports and 
Bus Connector cable set, PROMPT 48 User’s Manual, PROMPT 48 
Monitor Listing, Reference Cardiet, PROMPT 48 Programming Pads, 
MCS-48 Microcomputer User’s Manuals, MCS-48 Assembly Language 
Manual, PROMPT 48 Schematics. 


ORDERING INFORMATION 

PROMPT-48 — Complete PROMPT 48, set 110 VAC 
PROMPT-48-220V — Complete PROMPT 48, set 220 VAC 
PROMPT-SER — Serial cable connects PROMPT to TTY, CRT 


PROMPT-SPP — Specialized PROM Programmer Kit connects 
PROMPT 48 to Intellec Microcomputer Dev- 
elopment System for EPROM programming 


Additional PROMPT 48 Programming Pads (98-401) and manuals 
(98-402) may be ordered from Intel Literature Department. 
PHYSICAL CHARACTERISTICS 
Maximum Height: 13.5cm (5.3 in.) 
Width: 43.2cm (17 in.) 
Maximum Depth: 43.2cm (17 in.) 
Weight: 9.6 kg (21 Ib.) 
ELECTRICAL REQUIREMENTS 


Either 115 or 230VAC (+10%) may be switch-selected on the 
mainframe. 1.8 amps max current (at 125 VAC). 


Frequency is 47-63 Hz. 
ENVIRONMENTAL 


Operating Temperature: 
Non-Operating Temperature: 


0°C to +40°C 
—20°C to +65°C 


intel 


INTELLEC® PROMPT 80" 
8080 MICROCOMPUTER DESIGN AID 


Simplifies microcomputing 


Enter, run, debug and save machine language pro- 
grams with calculator-like ease 


Complete, fully-assembled microcomputer, includ- 
ing: 
CPU Standard 8080A on popular SBC 
80/10 Single Board Computer 


Memory 1K byte RAM, 3K byte ROM, and 
two spare 1K byte 8708 EPROMs 


1/0 24 programmable parallel 1/O (TTL) 
lines, including two: 
8-bit ports, fully 
switches, displays 
Programmable serial 1!/O interfaces 
directly with most terminals 


Only 110 or 230 VAC required 


implemented 


Power 


Low Cost 


PROM Programmer for 8708/2708/2704 UV 
Erasable, Electrically Reprogrammable ROMs 
(EPROMs) 


Integral keyboard and 16-digit display (no tele- 
typewriter or CRT terminal required) 


Extensive system monitor software in ROM: 
Examine/Display/Modify 
Registers and Memory 
Enter, Run, Test, Single-Step programs 
Hex Calculator 
Move, Search Memory Blocks 


Self-programmable — user can add functions 


Comprehensive design library 


Intellece® PROMPT 80" is a low-cost, fully assembled microcomputer design aid. PROMPT 80 simplifies the programming of 
SBC 80 and System 80 microcomputers, as well as 8080 processors, 8708/2708/2704 EPROMs and 8255/8251 programma- 
ble 1/O devices. 8080 programs can be entered and debugged with calculator-like ease on the large, informative display and 
keyboard panel. The comprehensive design library with tutorial manual is ideal for newcomers to microcomputing. 


PROMPT 80’s SBC 80/10 can be expanded using the SBC modular cardcage. And PROMPT 80 can serve as an economical 
8708 Specialized PROM Programmer (SPP) peripheral in Intellec Microcomputer Development Systems. 
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INTELLEC® PROMPT 807™ 


PROMPT SIMPLIFIES MICROCOMPUTING 


Intellec PROMPT 80 simplifies the programming of 8080 


processors, SBC 80 and System 80 microcomputers, as 
well as 8708 EPROMs and 8255/8251 programmable I/O 
devices. 


PROMPT is a low-cost programming tool. It is a micro- 
computer design aid — not a development system with 
sophisticated software and peripherals. 


PROMPT encourages the preparation and verification of 
small, modular routines which together may comprise 
sizable programs. These are written in assembly language, 
then entered in machine language and debugged with 
calculator-like,ease on the large, informative display and 
keyboard panel. 


Many 8080 operations can be specified with only two 
key strokes. Once entered, programs can be exercised one 
instruction (single step) or many instructions at a time. 
And, any of the 8080 registers can be watched while 
single-stepping. 


Programs are readily saved and instantly reloaded via UV 
Erasable, Electrically Reprogrammable ROMs (EPROMs). 
PROMPT 80 can program the popular 8708 EPROMs in 
small blocks, so routines can be debugged and saved 
incrementally. Several programs are pre-recorded as 
examples on PROMPT’s spare 8708 EPROMs. 


PROMPT 80 is a complete, fully assembled and powered 
8080 microcomputer, including RAM, I/O, and system 
monitor in ROM. Twenty-four lines of programmable, 
TTL-compatible, parallel 1/O are easily accessed on a 
panel connector. Two 8-bit ports are fully implemented, 
one with displays for output, the other with displays and 
switches for input. PROMPT’s programmable serial 1/O 
interfaces directly with most terminals. A teletypewriter 
or CRT can be used, but neither is required because of 
PROMPT’s built-in keyboard and display. 


The PROMPT 80 manual includes chapters for the reader 
with little or no programming experience. Topics treated 
range from the number system to microcomputer hard- 
ware desiqn. A novel, unifying set of tutorial diagrams — 
MICROMAP™ _ simplify microcomputer concepts. 


CENTRAL 
PROCESSOR 


PERIPHERALS 
& MEMORY 


cmom — 


PROMPT’s handy, pocket-sized reference cardlet can be 
affixed to the mainframe. Programming pads aid in the 
organization and documentation of programs. These 
features, plus a comprehensive design library of manuals, 
articles, and applications notes, make Intellec PROMPT 
80 ideal for the newcomer to microcomputing. 


FFFF 


OTHER 


REGISTERS 


0000 
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A COMPLETE COMPUTER 


The heart of PROMPT 80 is the popular SBC 80/10 Single 
Board Computer, a complete computer on a single printed 
circuit board. The SBC 80/10 includes an 8080A, 1K 
bytes of static RAM memory, and sockets for 4K bytes of 
EPROM memory. Signals to the SBC 80/10 include 48 
programmable, parallel I/O lines with sockets for inter- 
changeable line drivers and terminators, a programmable 
serial channel, a multi-source single level interrupt net- 
work, and bus drivers for memory and |!/O expansion. 
Read-only-memory may be added in 1K byte increments 
using Intel 8708 EPROMs or 8308 ROMs. 


The central processor for PROMPT’s SBC 80/10 is Intel’s 
powerful 8-bit n-channel MOS 8080A CPU. The 8080A 
contains six 8-bit general-purpose registers and an accumu- 
lator. The six general-purpose registers may be addressed 
individually or in pairs, providing both single and double 
precision operations. 


The 8080A has a 16-bit address bus which allows direct 
addressing of up to 64K bytes of memory. An external 
stack, located anywhere in read/write memory, may be 
used as a last-in/first-out store. The contents of the pro- 
gram counter, accumulator, flags, and all of the general- 
prupose registers are stacked using a 16-bit pointer. Sub- 
routine nesting is bounded only by memory size. 


EXPANDING PROMPT 80'™™ 


PROMPT 80’s SBC 80/10 can be expanded via the SBC 
604 Modular Cardcage. The cardcage houses the SBC 
80/10 and up to three expansion boards. Memory and I/O 
can be added in various combinations. Additional power 
may be required. 


A Specialized PROM Programmer kit, the PROMPT-SPP, 
allows PROMPT 80 to serve as an economical 8708 Spe- 
cialized PROM Programmer peripheral in Intellec Micro- 
computer Development Systems. The PROMPT-SPP cable 
plugs directly into the rear panel of the Intellec Micro- 
computer Development System. 


INTELLEC® PROMPT 80 '™ 


PROM PROGRAMMER 


8708 UV Erasable, Electrically Reprogrammable ROMs 
(EPROMs) can be easily programmed, compared, and 
transferred to RAM using the zero-insertion force socket 
on the panel. A new technique allows 8708 to be partially 
programmed in multiple blocks of 16 bytes. Thus, small, 
modular routines can be entered, tested, and readily saved 
using EPROM. 


EPROMs can also be conveniently duplicated. The master 
(original) device plugs into the SBC 80/10 inside PROMPT 
80, and can be copied to the panel programming socket. 


REGISTER/DISPLAY GROUP 


All 8080 registers can be displayed, even while single- 
stepping programs. The registers are shown in three rows: 


first row: B C D E 
second row: H L Flags A 
third row: Program Counter Stack Pointer 


One register row is visible at a time. Three small LEDs to 
the left of these rows indicate which row is displayed. The 
SCROLL REGISTER DISPLAY command displays the 
next row (first, second, third, etc.) 


RESET, INTERRUPTS 


SYS RST resets the system, initializes the PROMPT 80 
registers and enters the monitor. MON INT interrupts a 
user program and enters the monitor saving the user 


registers. USR INT is a user interrupt which traps 
PROMPT 80 to location 3C024¢. 


MONITOR 


A comprehensive system monitor resides in three 1K 
ROMs. It drives PROMPT’s keyboard, displays, and 
responds to COMMANDS and FUNCTIONS. The moni- 
tor is modular, organized so that the third ROM may be 
removed if F FUNCTIONS are not required. This allows 
sizable user routines — as much as 2K ROM/EPROM and 
nearly 1K RAM — to be exercised. 
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REGIRTER DISPLAY CROUF 
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COMMANDS 


PROMPT 80 commands are compatible with those used 
by Intel’s SDK, SBC, and Intellec monitors. 


You can EXAMINE/MODIFY a REGISTER, or DIS- 
PLAY/MODIFY MEMORY. Then either the NEXT or 
PREVIOUS register and memory locations can be opened 
with one button. 


The GO command executes programs, allowing multiple, 
optional breakpoints. Or a program can be SINGLE 
STEPped, executed one instruction at a time. 


The SCROLL REGISTER DISPLAY command displays 
the next row of the REGISTER/DISPLAY GROUP. 


INTELLEC® PROMPT 80'™ 


INPUT/OUTPUT GROUP 


The INPUT/OUTPUT (I/O) GROUP features two fully 
implemented 8-bit ports, both with displays, and with 
latch switches for the input port E9. The port addresses 
are clearly marked E8 and E9. Those two ports and a 
third, at EA, are easily accessible on the 1/O PORTS 
CONNECTOR. Negative true logic is used throughout the 
1/0 GROUP and PORTS CONNECTOR to enhance noise 
immunity and allow wire-ANDing. 


PARALLEL I/O 


The 1/0 PORTS CONNECTOR provides easy access to 24 
parallel, TTL-compatible lines. These lines are addressed 
as three ports (each 8 lines), port E8, E8, and EA. 


These ports can be defined to be input or output by soft- 
ware. Defining control words, tabulated in ‘‘Specifica- 
tions’’, are sent OUT to port EB, the control word regis- 
PES AS OCE ter. 


TRUE 
2. ER & 


prompt 80 / 


FPORPUY « OUTPUT GRE " 


SERIAL 1/O 


PROMPT’s programmable serial !/O readily interfaces 
with most terminals. Jumpers select either 20 mA tele- 

COMMAND/FUNCTION GROUP typewriter (TTY) current loop or RS-232C operation, and 
oe. 0 e the appropriate communications frequency. Asynchro- 


§ puncrecest Apokess { oan 4 > | nous or synchronous transmission, data format, control 
N | characters, parity, and transmission rate can be pro- 


poniaanad 7 HEX DATA FUNCTIONS NY ° grammed. 

| A serial cable kit, PROMPT-SER, connects PROMPT to 
either a teletypewriter or RS-232C standard (CRT) termi- 
nal through a rear chassis access slot. Teletypewriters may 
require minor reader contro! modifications. 


COMMAND/FUNCTION DISPLAYS 


The COMMAND/FUNCTION displays show addresses and 
data when DISPLAYing MEMORY, and parameters for 
COMMANDS and FUNCTIONS are entered. 


FUNCTIONS 


Eight FUNCTIONS are provided by PROMPT. Others 
may be added by the user. Pressing a HEX DATA/FUNC- 
TIONS key (O—7) starts a function. 


is FQ Read Paper Tape 

is F1 Write Paper Tape 

is F2 Program EPROM, Compare 
is F3 Compare EPROM 

is F4 Transfer EPROM to RAM 
F5 Move Block Memory 


is F6 Hexadecimal Calculator, +, - 


Commands are entered naturally, like phrases in a sen- 
tence: the NEXT parameters are separated bycommas L-] 
and command sentences end with EL] EXECUTE/END. 


The commands do what makes sense. For example: is F7 Byte Search Memory, optional mask 


FN eBeAene ea 


is F8 Word Search Memory, optional mask 
GO (J J (ol fo] FL) EXECUTE/END 
starts the program at address 100. 


GO OU) @ fo] & CJ NEXT LC] ©) fo) FL] EXECUTE/END 
starts the program at 100, but stops if you get to 200, 
a breakpoint. 


GO LIL] EXECUTE/END 
starts the program where you last stopped. 
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INTELLEC® PROMPT 807 ™ 


SPECIFICATIONS 
WORD SIZE 
Instruction: 8, 16, or 24 bits 
Data: 8 bits 
TIMING 
Basic Instruction: 1.95 usec 
Cycle Time: tcy = 488 nsec 
Clock: 2.058 MHz + 0.1% 
MEMORY BYTES Addressing On Board Monitor Uses 
ROM/PROM O-—OFFFig 4096 2048 or 3072 
RAM 3C00—3FFFi¢ 1024 114 


Up to 48K bytes may be added using optional RAM, ROM, or 
PROM expansion boards and the SBC 604 Cardcage. 


1/O ADDRESSING 
Ports E4 to E7 are dedicated to PROMPT’'s display/keyboard 
groups. Ports E8 to EB drive the panel 1/0 PORTS CONNEC- 
TOR and PROM SOCKET. 


Serial 1/O 


1/O Ports Connector/ 
PROM Socket USART 
Con- Con- Con-. 
Cc trol C trol trol 


ie ee 


PARALLEL 1/O 
The pane! 1/O ports can be defined input or output by OUT- 


puting control words to port address EB. 
HEX Control Word 
(OUT this to EB) 
OUTPUT OUTPUT OUTPUT 
OUTPUT | OUTPUT [OUTPU 


i 
OUTPUT | INPUT |OUTPUT | OUTPUT 
T 


Dedicated to 
Display/Keyboard 


PORT €&4 


Port E8 
Bits 7—0 


Port ES 
Bits 7—0 


Port EA 
Bits 7—4 Bits 3—0 


OUTPUT INPUT OUTPU INPUT 
84 or 85 OUTPUT SEROBED OUTPUT 
OUTPUT 
86 or 87 OUTPUT SOP Er OUTPUT 
INPUT 


Bits 2, 1, 
O are strobes 


All input ports are TTL-compatible. Ports E8 and EA are one- 
load fully TTL-compatible as output. Port E9 is ordinarily 
used as input. When used as output, EQ can sink at least one 
low-power TTL load. 


SERIAL 1/O 
The serial !/O port is defined by software and jumpers. 
PROMPT is configured at the factory for 20 mA current loop 
TTY interface, but can easily be jumpered for RS-232C levels. 
Asynchronous or synchronous transmission, data format, 
control characters, parity and transmission rate can be pro- 
grammed. 


INTERRUPTS 
PROMPT 80 provides a panel user interrupt to 3C02,¢. The 
SBC 80/10 supports single level vectoring to location 3846. 
Requests may originate from user-specified 1/O (2), the parallel 
ports (2), or serial port (2). 


EPROM PROGRAMMING 
8708/2708/2704 EPROMs can be programmed in multiple 
blocks of 16 bytes. Starting and ending memory address need 
only differ by a multiple of 16, and starting EPROM address 
end XX0O hexadecimal (X = don’t care). Programming time is 
115 sec for 1K byte, 3 sec for 16 bytes. 


The 8708 may be erased by exposure to high intensity short- 
wave ultraviolet light at a wavelength of 2537A. The recom- 
mended integrated dose (UV intensity X exposure time) is 
49 W-sec/cm2. 


SYSTEM MONITOR 
Resides in three 8308 ROMs, 0 to 3FF46, 40046 to 7FF 46, 
and 8001g to BFFig. The third ROM implements F FUNC- 
TIONS, and can be removed. PROMPT has an unused ROM/ 
EPROM socket at address C0016 to FFF 46. 
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COMMANDS 
Examine/Modify Register 
Go (with optional breakpoints) 
Scroll Register Display 
Next 


Display/Modify Memory 
Single Step 

Open Previous/Clear Entry 
[-] Execute/end 


FUNCTIONS 
[0] Read Tape 
Write Tape 
Program EPROM, Compare 
Compare EPROM 
[4] Transfer EPROM to RAM 
[5] Move Block Memory 
[6] Hexadecimal Calculator, +, - 
Byte Search Memory, optional mask 
Word Search Memory, optional mask 


SOFTWARE DRIVERS 
Pane! Keyboard Input 
Console Terminal Input 
TTY Reader Input 


CONNECTORS 
PROMPT Panel !/O Ports 
SBC 80/10 Parallel! 1/O 
SBC 80/10 Serial 1/O 
SBC 80/10 Bus 
SBC 80/10 Auxiliary Bus 


Panel Display Output 
Console Terminal Output 
TTY Punch Output 


3M 3425 Flat 

3M 3415 Flat 

3M 3462 Flat 

CDC VPBO1E43D00A1 
TIlH312130 


EQUIPMENT SUPPLIED 
PROMPT 80 mainframe with SBC 80/10, display/keyboard, 
PROM Programmer, power supply, cabinet, and ROM-based 
system monitor 
(2) 8708 EPROMs with pre-recorded example programs 
110 VAC power cable, 110 or 220 VAC fuse 
PROMPT 80 User’s Manual, PROMPT 80 Monitor Listing 
PROMPT 80 Reference Cardlist, PROMPT 80 Programming 

Pads 

8080 Systems User’s Guide, 8080 Assembly Language Manual 
System 80/10 Hardware Reference Manual 
Design Library of Application Notes, Article Reprints 
PROMPT 80 Schematics 


ORDERING INFORMATION, COMPATIBLE EQUIPMENT 
PROMT-80 — Complete PROMPT 80 set 110 VAC 
PROMT-80-220V — Complete PROMPT 80 set 220 VAC 
PROMT-SER — Serial Cable connects PROMPT to TTY, CRT 
PROMT-SPP — Specialized PROM Programmer Kit connects 

PROMPT 80 to Intellec® Microcomputer Development 
Systems for 8708 EPROM programming. 
Ail SBC products (additional memory, I/O, wire-wrap, and 
other boards) are compatible with PROMPT’s SBC 80/10. 
Additional PROMPT 80 Programming Pads can be ordered 
from Intel Literature Department. 


PHYSICAL CHARACTERISTICS 


Maximum Height: 13.5cm —_ (5.3 in.) 
Width: 43.2cm = (17 in.) 
Maximum Depth: 43.2 cm (17 in.) 
Weight: 9.6 kg (21 Ib) 


ELECTRICAL REQUIREMENTS 
Either 115 or 230 VAC (+10%) may be switch-selected on the 
mainframe. 1.8 amps max current (at 125 VAC) 
Frequency is 47—63 Hz. 


Internal PROMPT 80 
Voltage Supply PROMPT 80 Requires 


+26.5 


+12 
+ 5 
- 5 
-12 


Fixed over-voltage protect on 5V supply 6.2—6.7 volts. 


ENVIRONMENTAL 


Operating Temperature: 10°C to 40°C 
Non-operating Temperature: —20°C to 65°C 


SOFTWARE AND TRAINING 


INTRODUCTION 


Insite™, the Intel Software Index and Technology Exchange with over 200 contributed 8-bit programs facil- 
itates the use of Intel Microcomputer products. This section provides information describing Insite and includes 
partial listings of the 4-bit and 8-bit program libraries. An Insite program submittal form is also included. 


Intel Cross Product Software programs are written in FORTRAN IV and are designed to run on a large computer 
system for the purpose of code generation or microcomputer simulation. Intellec® System resident assemblers 


and compilers are detailed in Section 13. 


Intel provides complete training for all of its system related products. Courses are given regularly at Intel's 
Santa Clara, California; Boston, Massachussetts; and Chicago, IIlinois Training Centers. These centers are staffed 
by highly trained and experienced instructors. This section provides outlines for several of the courses offered 


by Intel. These courses are also available for on-site courses at your facility. 


TABLE OF CONTENTS 


Insite™“ User’s Library 


User's Program LAD ary -seeacy eon tk Mate ya ele ww ad aioe Goes Be we aw HO aed eines tees 
InsiteTM Partial Program Index — 8-Bit User's Library ... 2... 20... 0... ce ee ee ee es 
InsiteTM Partial Program Index — 4-Bit User’s Library .... 20.0... 0.00. eee ee ee eee nee 
Intel User’s Library Submittal Form... 0.2.0.0... 0.0.0. cece eee ee eee ee ee eee eee 


Cross Product Software 


CROMIS Series 3000 Cross Microprogramming System .......... 0000 ce eee eee ee eee eee 


MCS-408M Cross: Assembler ocd a 6.0 oa ae es esc we ee head Bo eee le eS hae we ES 
4004/4040 Simulator ... 0.0... 0... 0. ee ee en ee eee eee e ee neenaues 


BOSO SUM aM cass od ep alee os eS aphasia ah lak Gunes tev: dled Aided MG gee hao ole eA etree 
PL/M High Level Programming Language — MCS-8™ and MCS-80™ 
CrOSS COMPIIENS: os.c-ds avty G opae'd ae eta ins Sra Se eee 2 Bed lod & Slo Oe A Raed ne Rs 


Training/Workshops 


Microcomputer Training ........... 020 e eee eee eee pda o aes Mico aded teh, Beha tae less 
MCS-80TM System Workshop ......... 0.00 ccc eet eee eee ee ee eee eee ene eee eens 
PL/M-80 Language Workshop ......... 0... cece eee ee te tee teen ee ene e nena 
MCS-48TM System Workshop ........ 0.000 ccc eee ee eee ee ee eee e eens 
Programmable Peripheral Circuits Workshop ............ 000 cece eee eee eee eee eeue 
SElles SOGO- WORKSOP ax So's bu, hg ce ee Se ag a ve es ace Bh WHR re ers anak Sede bch eele  Aow @ ee kB 
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USERS PROGRAM LIBRARY 


Over 200 8-bit programs Updates of new programs sent every other month 
Over 100 4-bit programs Five free tapes sent with new membership 

Source Paper Tapes and Listings available for all One-year free membership or five free Source 
programs Tapes for each accepted program submittal 


Insite’, Intel’s Software Index and Technology Exchange, is a collection of programs, subroutines, procedures and macros 
written by users of Intel’s 4004, 4040, 8008 and 8080 microcomputers, SBC 80 OEM computer systems, and Intellec® 
development systems. Thanks to customer contributions to Insite’ ™, Intel is able to make these programs available to all 
users of Intel® microcomputers. By taking advantage of the availability of these general-purpose routines, the microcomputer 
design engineer and programmer can save many hours of programming and debugging time. The library of programs also 
serves as a good learning tool for those unfamiliar with Intel assembly language or PL/M, Intel’s high-level language for the 
8008 and 8080 microcomputers. 


LIBRARY PROGRAMS AVAILABLE ON PAPER TAPE 
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PROGRAM LIBRARY MANUAL 


Each member will be sent the Program Library Manual 
which is a collection of source listings of library programs 
3 pages and under. Longer programs are represented by an 
abstract which indicates the function of the routine, the 
required hardware and software, and memory require- 
ments. 


User’s Library members will be updated regularly with 
new programs submitted to Insite during the subscription 
period. 


Here Is a sampling of the types of programs contained in 
Insite: 


Floating Point Packages 

Transcendental and Trig Function 

BASIC Compiler 

Software and Hardware Debugging Routines 
Multiple Precision Arithmetic Routines 
Peripheral Interfaces and Drivers 
Disassemblers 

Cross Assemblers for Mini-Computers 
Games 


SOURCE PAPER TAPES AND LISTINGS 


Source paper tapes and listings are available for most 
programs in Insite™™ A small handling fee will be charged 
for each source tape and listing. Ordering information can 
be found in the Program Library Manual. With your sub- 
scription, Insite! will send you at no charge five free 
source tapes of your choice. 


MEMBERSHIP 


Membership in Insite is available on an annual basis. Users 
may become a member through program contribution ora 
membership fee. The membership fee is $100 a year and is 
processed by purchase order or check. Please use the 
attached order form. 


PROGRAM SUBMITTAL 


Programs submitted for our review must follow the guide- 
lines listed below: 


1. Programs must be written in a standard Intel Assembly 
Language or PL/M. These languages are documented in 
the following manuals: 


a. 8008 Assembly Programming Manual #98-019B 


b. 8080 Assembly Language Programming Manual 
#98-004C 


c. 4004/4040 Assembly Language Programming Man- 
ual #98-025A 


d. 8008/8080 PL/M Programming Manual #98-108A 
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PROGRAM SUBMITTAL (Cont) 


2. A source listing of the program must be included. This 
must be the output listing of a compile or assembly. 
All accepted programs should assemble or compile 
correctly with no syntax errors. No consideration will 
be given to partial programs or duplication of existing 
programs. 


3. A test program which assures the validity of the con- 
tributed program must be included. This must show 
the correct operation of the program. 


4. A source paper tape or diskette of the contributed 
program is required. This will be used for the reproduc- 
tion of tapes for other members. 


Complete the Submittal Form as follows: (please type or 
print) 


a. Processor (check appropriate box). 


b. Program title: Name or brief description of program 
function. 


c. Function: Detailed description of operations per- 
formed by the program. 


d. Required hardware: 


For example: TTY on Port 0 and 1 
Interrupt Circuitry 
|/O Interface 
Machine line and configuration 
for cross products 


e. Required software: 


For example: TTY Driver 
Floating Point Package 
Support software required for 
cross products 


f. Input parameters: Description of register values, 
memory areas or values accepted from input ports. 


g. Output results: Values to be expected in registers, 
memory areas or on output ports. 
resident products only): 


h. Program details (for 


(1) Register modified 

(2) RAM required (bytes) 

(3) ROM required (bytes) 

(4) Maximum subroutine nesting level 


i. Assembler/Compiler used: 


PL/M 
Intellec® Macro Assembler 
IBM 370 Fortran IV 


For example: 


j. Programmer company and address. 


insite 


PARTIAL PROGRAM INDEX — 8-BIT USER’S LIBRARY 


TITLE 


3-Byte Positive Fractional Multiply 

8-Bit Multiply and Divide 

8-Bit Random Number Generator 

16-Bit 2’s Complement Signed Multiplication 

16-Bit CRC for Polynomial X16+X12+X5+1 

16-Bit Division — 16-Bit Result 

16-Bit Division — 16-Bit Result 

16-Bit Multiply — 16-Bit Result 

16-Bit Multiply — 16-Bit Result 

16-Bit Multiply — 32-Bit Result 

16-Bit Random Number Generator 

16-Bit Square Root Routine 

32-Bit Binary to BCD Conversion, Leading Zero Blanking 
32-Bit Divide Subroutine 

4040 Cross Assembler for Intellec 8/MOD 80 and MDS-800 
8008 Cross Assembler for HP 3000 

8008 Cross Inverse Assembler for HP 2100 

8008 Disassembler 

8008 MACRO Definition Set for Assembly on PDP-11 
8080 Cross Assembler for HP 3000 

8080 Cross Assembler for HP 2100 DOS 

8080 Disassembler 

8080 Floating Point Extended Math Package 

8080 Floating Point Package with BCD Conversion Routine 
8080 Idle Analyzer for Approximating CPU Utilization 
8080 1/0 System Status Display 

8080 Least Squares Quadratic Fitting Routine 

8080 RAM Memory Test 


A/D Converter Routine 

Adaptive Game Program 

Algebraic Compare Subroutine 

APL Graphic Display on a 5 X 7 Dot Matrix 
Approximating Routine 

ASCII Display 

Absorbance Calculation 


Assembler Oriented Centronics 306 Line Printer Handler 
and Error Only Assembler 


Banner Print and Punch 

BASIC CPU State Vector Maintenance 
BASIC Digital Panel Meter Call 

BASIC Interpreter 

BASIC/M Translator and Interpreter 
BCD to BIN Conversion Routine 

BCD to/from Binary Conversion 

BCD Input and Direct Conversion to Binary Routine 
BCD Multiplication 

BCD Sum for 8008 

BCD Up/Down Counter 

BIN to BCD Conversion Routine 
Binary to BCD Subroutine 

Binary to HEX Routine 

Binary Loader for MDS 

Binary Multiplication — 24-Bit 

Binary Search 
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TITLE 


Binary Search Routine 

BINDECBIN — Binary to/from BCD 

BINLB — 8080 System Loader 

Blackjack 

$BLPT 

BOOT — Bootstrap Loading and Program Patching 


Calendar Subroutine 

Character Interpreted Memory Dump 

Clock Subroutine 

Compare 

Compare Object Code Tape with Memory 

Control Data Output 

CRECH — Cyclic Redundancy Check 

Cross Assembler for PDP-11 

Cross Assembler for PDP-11 

Cross Assembler for Nova 1200 

Cross Assembler for Nova 1220, IBM 360/40 and CDC 3300 
Cross Assembler for Varian Data Machine 

CRTBZ — GET 

Cyclic Redundancy Character Generator 

Cyclic Redundancy Check 

Cyclic Redundancy Check for Data String of 216 Bytes 


Data Array Move 

Data |/O PROM Processor 

Decrement H and L Registers 

Delete Comments 

Diagnostic 1003 — Memory Validity Check 

Digital to Analog Conversion for Eight Outputs 

Disassembler 

Disk Dump Routine for ICOM F DOS-11/MOD 80 Floppy 
DOS 

Double Precision Integer Arithmetic Package 

Double Precision Multiply 


Elementary Function Package 
ERLIST 
Examin 


Factorial of a Decimal Number 

Fast Floating Point Square Root Routine 

Fixed and Floating Point Arithmetic Routines 

Fixed Point CHEBYSHEV Sine and Cosine for PL/M Users 

Flag Processing Routine 

Floating Point Decimal and HEX Format Conversion 

Floating Point Format Conversion Package 

Floating Point Math Package 

Floating Point Package for Intel 8008 and 8080 Micro- 
processors 

Floating Point Procedures 

Floating Point Square Root 


Gambol (Game) 

Game of Life 

Generalized Stepper Motor Drive Program 
Gray to Binary Conversion 


insite’ 


PARTIAL PROGRAM INDEX — 8-BIT USER’S LIBRARY (Continued) 


TITLE 


Handler for Tally PTP 

HEX Convert — Convert Intel HEX Format to Prolog HEX 
File Converter 

HEX to Decimal Conversion 

HEX Format Paper Tape Dump for SDK 

HEX Tape Loader for SDK 


High Speed Paper Tape Reader with Stepper Motor Control 


IBM Selectric Output Program 

ICE-80 Disassembler 

l-Command — Insert Data in HEX Form from TTY into 
RAM 

Input/Output Commands for MDS 

Intellec 8/MOD 80 — Silent 700 Interface 

Interfacing the MDS and HP 2644A 

Interrupt Driven Clock Routine 

Interrupt Handler (Re-Entrant) 

Interrupt Service Routine 

1/O Simulation MACROS 


K, Program Trap and Dump Routine 
Kalah (Game) 


Legible Paper Tape 

List 

Lewthwaite’s Game 

List Device Program 

List 1 — High Speed List Program for Intellec 8 
List/Print/Type ‘‘List SRC” on Diskette 

Log Base 2 


Mastermind (Game) 

Match Game 

Maze (Game) 

Memory Compare 

Memory Diagnostic Program 

Memory Dump 

Memory Test for the 8080 

Memory Test Program 

Model 101 Centronics Printer Handler 
Mon 256 — 256-Byte PROM Monitor 
Morse Code Generator 

MUL/DIV Multi-Precision Pack for 8080 


Natural Logarithm 

N-Byte Binary Multiplication and Leading Zero Blanking 
Nim (Game) 

Nova Cross Assembler — Intel 8080 

Numbers 


Octal Code Conversion for PDP-11 

Octal Debugging Program (ODT) for the MCS-80 Octal 
Computer 

Octal PROM Programming 


Page Break for Tektronix 4010 !/O Graphics Terminal 
Page Listing Program 

Paper Tape Reformatter for SDK 

Pass — Parameter Passing Routine 
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TITLE 


PDP-11 Binary File to Intel HEX File Converter 

PL/M 80 Pass 3 

PL/M Floating Point Interface 

PL/M Histogram Procedure and Random Number Generat 
PROM Programmer for Intellec 8 

Proportional Power Control Image Builder 

Punch Binary Tape 

Punch Test or TTY Reader/Punch Test 


RAM Check 

RAM Test Program 

RANDOMSBITS 

Random Number Generator — RNGEN 

Read and Interrupt Modifications for Intellec 8/MOD 80 
Reader Test 

Read/Write Routines for Interchange Tapes 

Real Time Executive 

RMSTF — Integration Routine 

Run O 


Save/Restore CPU State on an Interrupt 

SDK-80 Keyboard Monitor 

Shellsorting Routine 

Sin X, Cos X Subroutine 

SMAL: Symbolic Microcontroller Assembly Language 
Software Stack Routines for 8008 

Source Paper Tape to Magnetic Cassette 

SORTF — Calculates 8-Bit Root of 16-Bit Number 
Stage 2 

Structured Assembler for 8080 

Subroutine DMULT (Decimal Multiplication) 
Subroutine Log — Common Logarithms 
Subroutine SORT 

Symbol Table Dump for Intellec 8/MOD 80 
Symbol Table List Routine 


Tally — Use Tally 2200 Line Printer in Assembly Stage of 
Programming 

Tally R2050 HSPTR Driver 

Tape Duplicator 

Tape Labeler for MDS 

Teleprocessing Buffer Routine 

Terminal Editor 

Text Storage Program 

Tic-Tac-Toe 

Time Sharing Communications 

TIMIT — Interrupt Driven Real Time Clock Routine 

T.I. Silent 700 Interface — Intellec MDS 

TRACE — Program Trace and Debugger 

Trace Routine 

TTY Binary Dump Routine 

TTY Binary Load Routine 

Type 


Quicksort Procedures 
Video Driver 
Word Game, The 


TITLE 


Cross Assembler on PDP-8 

Cross Assembler for NOVA Computer 

BNPF Tape Generator for PDP-8 

MCS-4 Simulator for PDP-8 

MCS—40 Cross Assembler (Intellec® 8/MOD 80) 


Intel MCS-40 Cross Assembler and Text Editor 
(Computer Autonation 16/Alpha-LSl!) 


A Chebyshev Approximation Package 
Parity Checker/Generator (8-Bit) 
Parity Generator, ASC!! Character 
Code Conversion: ASCII to EBCDIC 
Delay Subroutines 

Bit Manipulation Routine 


insite 


PARTIAL PROGRAM INDEX — 4-BIT USER’S LIBRARY 


Universal Logic Subroutines (AND, OR, XOR, XOR) 


8-Bit Parity Check Annex 
Binary to BCD Converter 
Data Compare 

Paper Tape Edit 
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TITLE 


IOMEC SERIES THREE (S-3) Cartridge Interface 
1/O Test 

Bowmar TP 3100 Printer Routine 

8-Digit Register Diaplsy 

Intellec® 4/MOD 40 — Silent 700 Interface 
PROM Dump Utility Program 

PRO FORMA 

Peripheral Interface Routine for a Thermal Strip Printer 
MCS-4/4- Disassembler 

Right Justified HEX Data Shifter 

Floating Point Arithmetic Subroutine Package 
HEXBCD 


Fast Binary Multiply: Selectable Bit Precision and 
Constant Execute Time 


Fast Decimal Multiplication Routine 
Automatic Digital Integration 
Multiply/Divide 8 Decimal Numbers 
Binary to BCD Converter 


iInsi ™ INTEL’ USER’S LIBRARY SUBMITTAL FORM 


[]4004 L14040 18008 18080 L]3000 L] Other (use additional sheets if necessary) 


Program 
Title 


Function 


Required 
Hardware 
Required 
Software 
Input 
Parameters 
Output 
Results 
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Registers Modified: 


RAM Required: 


CROMIS SERIES 3000 
CROSS MICROPROGRAMMING SYSTEM 


Built-in Series 3000 fields and mnemonics Extended address generation 

User definable fields and mnemonics Graphical microprogram memory display 
Hierarchical field defaults Symbolic label reference directory 

Free field statement format MCU jump address validation 

String macro capability RAM/ROM/PROM programming file generation 


The Intel® Series 3000 Cross Microprogramming System (CROMIS) is an advanced software system that supports the genera- 
tion of microprograms for custom Series 3000 processor and controller micro-architecture. It provides extensive programming 
facilities that greatly reduce the time and effort required to develop, debug, and document a microprogram. 


CROMIS is designed for use on almost any modern computing system with high-speed 1/O and on-line file facilities. It is avail- 
able in ANSI (standard) FORTRAN IV source form for user illustration or may be immediately accessed on any of several 
major time-sharing services throughout the world. To insure the long-term reliability and maintainability of CROMIS, all com- 
ponent programs are written in a highty modular, structured programming style with extensive operational documentation. 


I 
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SPECIFICATIONS 


XMAS CAPABILITIES TAPE CONTENTS 
Translates all 3001 MCU and 3002 CPE mnemonics. TAPE 1 
Dynamically allocates storage for labels, values and Part 1 of XMAS FORTRAN IV Source 
strings in a user expandable data area. TAPE 2 
Accepts microinstruction format definitions of up to 64 Part 2 of XMAS FORTRAN IV Source 


XMAS Sample Program 


Pere : XMAP FORTRAN IV Source 
Provides extended address generation for up to 16K XMAP Sample Program 

UST OMNSLTOE HONS: MERGE File Editing Program 
Includes a 4-level user definable field default mechan- 

ism. 


SHIPPING MEDIA 


XMAP CAPABILITIES 
Two 2400-foot magnetic tapes. 


Provides direct or inverted mapping for any bit in any 
microinstruction field. 


Permits explicit 1’s or O’s to be specified for unused bit TAPE FORMAT 

locations. 9-track 800 bpi 

Generates standard BNPF or hexadecimal programming 80 byte unblocked 

files. EBCDIC unlabeled 

Accepts memory configuration defintiions from 1 X 1 

bits to 16K X 16 bits.; DOCUMENTATION 
OPERATIONAL ENVIRONMENT CROMIS Reference Specification 
Required Hardware: XMAS/XMAP Message Summary 

16-bit or larger word size XMAS Installation Guide 

5 rewindable data files (disc or tapes) (preamble to XMAS FORTRAN IV source) 
Required Software: XMAP Installation Guide 

ANSI standard FORTRAN IV compiler (preamble to XMAP FORTRAN IV source) 


a Sn ee a es 
/* 10,2 USEC UNSIGMED 16°BIT INTEGER MULTIPLY 
ASSUMPTIONS: MULTIPLICAND IS IN PAIR OF 3212°S 
BUFFERING M-BUS; 
*/ 


/* CONVENIENT STRING DEFINITIONS ¥*/ 


COUNT STRING °R8° ; /* LOOP COUNT IN R8 */ 

P,P STRING °AC® 7? /* PARTIAL PRODUCT IN AC */ 
MePLIER STRING °T’ 3 /* MULTIPLIER IN T ¥*/ 

ANDK STRING ‘TZR*® 3; /* PSEUDO OP AND ¥*/ 


/* CONVENIENT IMPLY DEFLNITIUNS ¥*/ 
INP IMPLY FO 11B 3; /* INR IMPLIES INCREMENT ¥/ 
SDR IFPLY FO 11B ; /* SDR IMPLIES STORE ONLY ¥/ 


7* MASK FIELD DEFINITION ¥/ 
VASE FIELD LENGTH = 2 
MICROPS( KFFFO = 10B ) 3; MASK KBUS $¢ 


/* INITIALIZE LOOP COUNTER ¥*/ 


9OHS CSR(CGUNT) ; /* SET COUNT REG TO ALL 1°S ¥/ 

91H: ANDK(COUNT) KFFFO ; /* FURCE COUNT PEG TU -16 ¥/ 
94H: CUR(P.P) ¢ /* CLEAR PARTIAL PRODUCT */ 

95H: SRACM.PLIER) ; /* PLACE LSB OF 4°PLIER GN FI LINE */ 


/* MAIN MULTIPLY LOOP */ 
92HS MPYLCOP: 
INF(COUNT) /* INCREMENT LUOQP COUNT ¥*/ 
JFLCONE, ZERO) /* BRANCH ON M°PLIER BIT ¥/ 
SPZ 7 /* SAVE CAKRY FOR LUOP EXIT TEST */ 


OA3HK: ONES AMACP.P) § /* ADU MULTIPLICAND TO PARTIAL PRODUCT */ 
OA2HS SPA(P.P) STZ 3 /* SAVE USB OF PARTIAL PRODUCT IN Z ¥/ 
OA4H: ZEKOUS SKA(M.PLIER) FFZ /* SHIFT & LINK IN P=P BIT FROM Z ¥/ 
JZFC MPYLOOP, EXIT ) 3 /¥*TEST ULD CARRY FUR LOUP EXIT */ 
93H3 EXIT: NOPCKO) JMPCEXIT) ; 
EOF 


eee 
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Accepts all 4004 and 4040 instructions 


MCS-40 CROSS ASSEMBLER 


Written in ANSI standard FORTRAN IV 


Conditional assembly capability Comprehensive user documentation 


Full macro facility Instantly available on worldwide timesharing services 


Hexadecimal or BNPF object code formats 


The MCS-40 Cross Assembler, MAC40, is a powerful program development tool for Intel’s® 4-bit microcomputers, the 4004 and 
the new 4040. MAC40 provides extensive capabilities which reduce the time and effort involved in program development, debug 
and documentation. The cross assembler allows usage of the high speed 1/O and text editing capability of a large computer 
system to further shorten the programming task. 


MAC40 translates 4004/4040 machine assembly language instructions into the appropriate machine operation codes. In addition 
to eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to 
modify programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC40 to include or delete sections of code which may vary from system to system, such as the code required to 
handle optional external devices. 


Output from MAC40 may be punched to paper tape in hex format for loading into an Intellec® 4 Development System or may 
be punched in BNPF format to program ROMs. 


MAC40 is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit 


or larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 


SPECIFICATIONS 


CAPABILITIES: 
Accepts all 66 instruction mnemonics 
plus 10 pseudo-operators. 


Allows up to 499 labels in standard 
configuration; easily expandable. 


Allows a total of up to 9 levels of 
nested conditional assembly and 
nested macro-calls. 


User definable |/O formats. 


Batch or interactive mode. 


OPERATIONAL ENVIRONMENT: 
Hardware required 
32-bit or larger word size 
12—16K words depending on 
machine 
Software required 
ANSI standard FORTRAN IV 
compiler 


SHIPPING MEDIA: 
Magnetic tape 


TAPE FORMAT: 


9 Track 80 Byte unblocked 
EBCDIC records 
800 BPI Unlabeled 
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TAPE CONTENTS: 
MCS-40™ Cross Assembler 
(FORTRAN IV Source) 


MERGE Source File Editing Program 
(FORTRAN IV Source) 


XCNV4 Conversion Program 
(FORTRAN IV Source) 


DOCUMENTATION PACKAGE 
INCLUDES: 

4004/4040 Assembly Language Pro- 
gramming Manual 

MAC4 External Reference Specification 


Pocket Reference Card 


intel 


4004/4040 SIMULATOR | 


Simulates all 4004/4040 machine instructions COMMAND CAPABILITIES: 
Accepts output from MAC40, the Intel® 4004/4040 Cross Set breakpoints 

Assembler Trace program execution 
Contains extensive symbolic debugging capabilities Dump and modify memory 
Written in ANS! standard FORTRAN IV Examine and modify registers 
Instantly available on worldwide timesharing services Examine and set I/O ports 


Simulate the 4040 hardware interrupt 


Measure program execution time 


The 4004/4040 Simulator, INTERP/40, is a complete simulation and debug program for the Intel® 4004 and 4040 micro- 
computers. Programs can be run, displayed, stopped, and altered allowing step by step refinement without continuous 
reassembly of the source program. INTERP/40 provides powerful commands to control the execution of 4004 and 4040 
programs. Extensive debug features are built in to help reduce the time and cost involved in program checkout. 


INTERP/40 also provides symbolic reference to storage locations and operation codes as well as numeric reference in various 
number bases. 


INTERP/40 is written in FORTRAN IV and is designed to run on most large scale computer systems with a 32-bit or larger 
integer format (word size). It is also available for immediate use on major timesharing services throughout the world. 


MCS-40™ PROGRAM DEVELOPMENT CYCLE 
INTELLEC® 4 
MODELS 4 AND 40 
MICROCOMPUTER 
DEVELOPMENT 
SYSTEMS 


MAC40 
CROSS 
ASSEMBLER 


ASSEMBLY 
LANGUAGE 


INTERP/40 
SIMULATOR 


SYSTEM 


SPECIFICATIONS 


CAPABILITIES: SHIPPING MEDIA: TAPE CONTENTS: 
Provides total software simulation of Magnetic tape 4004/4040 Simulator 
the Intel® 4004 and 4040 CPU's. (FORTRAN IV Source) 
Can be run in batch or interactive aa aes MERGE Source File Editing Program 
mode. EBCDIC ‘ y (FORTRAN IV Source) 
ecords 


OPERATIONAL ENVIRONMENT: 800BPI — Unlabeled DOCUMENTATION PACKAGE: 
Hardware required INTERP/40 External Reference 


32-bit or larger word size Specification 
12-15K words of memory, depend- 
ing On machine 


Software required 
FORTRAN IV compiler 
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MCS-8 ™ CROSS ASSEMBLER 


Accepts all 8008 instructions Written in ANSI standard FORTRAN IV 
Conditional assembly capability Comprehensive user documentation 
Full macro facility Instantly available on worldwide timesharing services 


Hexadecimal or BNPF object code formats 


The MCS-8TM Cross Assembler, MAC8, is a powerful program development tool for Intel’s® 8008 microcomputer. MAC8 
provides extensive capabilities which reduce the time and effort involved in program development, debug and documentation. 
The cross assembler allows usage of the high speed 1/O and text editing capability of a large computer system to further shorten 
the programming task. 


MAC8 translates symbolic 8008 assembly language instructions into the appropriate machine operation codes. In addition to 
eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC8 to include or delete sections of code which may vary from system to system, such as the code required to handle 
optional external devices. 


Output from MAC8 may be loaded directly to the 8008 Simulator (INTERP/8) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an Intellec® 8/Mod 8 Development System. It may also be punched in 
BNPF format to program ROMs. 


MAC8 is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit or 
larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 


MCS-8™ ASSEMBLY LANGUAGE | UMUL — UNSIGNED INTEGER MULTIPLY 
PROGRAMMING EXAMPLE: “CALL: ARGUMENTS IN C & D 
- EXIT: Hi ORDER PRODUCT IN B 
: LO ORDER PRODUCT IN C 
- REGS: A.B,E AND FLAGS EXCEPT CARRY ALTERED 
O01E UMUL: 


OO1E OE00 MV! B,0 

0020 2609 MV! E,9 

0022 UMULO: 

0022 C2 MOV A,C ; ROTATE CARRY INTO 

0023 1A RAR ; PRODUCT — MULTIPLIER 
0024 DO MOV C,A ; SHARED REGUSTER 

0025 21 DCRE ; FORCING NEXT LSB 

0026 2B RZ ; INTO CARRY 

0027 C1 MOV A,B ; EXIT IF 8TH ITERATION 
0028 402C00 JNC UMUL1 ; 1F CARRY SET 

002B 83 ADD D ; ADD MULTIPLICAND TO 
002C UMUL1: ; PRODUCT 

002C 1A RAR 

002D C8 MOV B,A ; ROTATE MOST SIGNIFICANT 
002E 442200 JMP UMULO ; PRODUCT AND REPEAT LOOP 


SPECIFICATIONS 


CAPABILITIES: OPERATIONAL ENVIRONMENT: TAPE CONTENTS: 

Accepts all 48 instruction mnemonics Hardware required MCS-8™ Cross Assembler 

plus 10 pseudo-operators. 32-bit or larger word size (FORTRAN IV Source) 

Allows up to 499 labels in standard 12—16K words depending on MERGE Source File Editing Program 

configuration; easily expandable. macning (FORTRAN IV Source) 
Software required 

Allows total of up to 9 levels of ANSI standard FORTRAN IV CONV8 Conversion Program 

nested conditional assembly and compiler (FORTRAN IV Source) 

nested macro-calls. 

User definable 1/O formats ee baa DOCUMENTATION PACKAGE 

Magione tape INCLUDES: 

Batch or interactive mode. TAPE FORMAT: 8008 Assembly Language Programming 
9 Track 80 Byte unblocked Manual 
EBCDIC records MACS8 External Reference Specification 
800 BPI Unlabeled 


Pocket Reference Card 
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8008 SIMULATOR 


Simulates all 8008 machine instructions Written in FORTRAN IV 
Accepts output from PL/M compiler or MAC8 cross Instantly available on worldwide timesharing services 
assembler Comprehensive user documentation 


Comprehensive debug features 


The 8008 Simulator, INTERP/8, is a complete simulation and debug program for the Intel® 8008 microcomputer. INTERP/8 
provides powerful commands to control the execution of 8008 programs. Extensive debug features are built-in to help reduce 
the time and cost involved in program checkout. 


INTERP/8 simulates execution of all 8008 machine instructions. Programs either compiled on the PL/M compiler or assembled 
on the MAC8 Cross Assembler may be loaded directly into INTERP/8 for simulation and checkout. 


INTERP/8 provides commands to: 


@® Set Breakpoints @ Measure Program Timing 

@ Trace Program Execution @® Examine and Set 1/O Ports 

@ Dump and Modify Memory @ Perform Interrupts and Stack Manipulations 
@ Examine and Modify Registers @ Perform Address Arithmetic 


INTERP/8 also provides symbolic debugging capability. Memory locations may be referenced by their symbolic names, either 
through labels or variable names. This eliminates the need to know the specific absolute address of each variable or label. 


INTERP/8 is written in FORTRAN IV and is designed to run on most large-scale computer systems with a 32-bit or larger 
integer format (word size). It is also available for immediate use on several major timesharing services throughout the world. 


MCS-8™ PROGRAM DEVELOPMENT CYCLE MPEURER® 


8/MOD 8 
MICROCOMPUTER 
DEVELOPMENT 


MAC8 SYSTEM 


CROSS 


ASSEMBLY 


LANGUAGE 


ASSEMBLER 


PL/M-8 
PL/M 
Ea ‘abi 


SPECIFICATIONS 


INTERP/8 


SIMULATOR 


OWN 
SYSTEM 


CAPABILITIES: OPERATIONAL ENVIRONMENT: TAPE CONTENTS: 
Simulates all 48 machine instructions Hardware required 8008 Simulator 
Allows full 16K program 32-bit or larger word size (FORTRAN IV Source) . 
15—20K words of memory, MERGE Source File Editing Program 
ea run in batch or interactive depending on machine (FORTRAN IV Source) 
mode ; 
soltwaretequited | DOCUMENTATION PACKAGE: 
FORTRAN IV compiler INTERP/8 User’s Manual 
SHIPPING MEDIA: INTERP/8 Installation Guide 


Magnetic tape 
TAPE FORMAT: 


9-track 80-byte unblocked 
EBCDIC records 
800 BPI Unlabeled 
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MCS-80™ CROSS ASSEMBLER 


Accepts all 8080 instructions Written in ANSI standard FORTRAN IV 
Conditional assembly capability Comprehensive user documentation 
Full macro facility Instantly available on worldwide timesharing services 


Hexadecimal or BNPF object code formats 


The MCS-80 Cross Assembler, MAC80, is a powerful program development tool for Intel’s® 8080 microcomputer. MAC80 
provides extensive capabilities which reduce the time and effort involved in program development, debug and documentation. 
The cross assembler allows usage of the high speed I/O and text editing capability of a large computer system to further shorten 
the programming task. 


MAC80 translates symbolic 8080 assembly language instructions into the appropriate machine operation codes. In addition to 
eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC80 to include or delete sections of code which may vary from system to system, such as the code required to 
handle optional external devices. 


Output from MAC80 may be loaded directly to the 8080 Simulator (INTERP/80) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an Intellee® MDS Microcomputer Development System. It may also be 
punched in BNPF format to program ROMs. 


MAC80 is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit 
or larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 


MCS-80™ ASSEMBLY LANGUAGE PROGRAMMING EXAMPLE: 


THIS SUBROUTINE PERFORMS DECIMAL ADDITION 
FOR 16 DECIMAL DIGITS ON THE INTEL 8080 
MICROCOMPUTER. 


THE ADDRESS OF THE FIRST OPERAND IS EXPECTED TO BE IN THE 
D AND E REGISTERS AND THE ADDRESS OF THE 

SECOND OPERAND SHOULD BE IN THE H AND L 

REGISTERS. THE RESULT !S STORED OVER THE 

FIRST OPERAND. THE ADDITION !S DONE TWO DIGITS 


AT A TIME. 
0000 DECAD: 
0000 OE08 MV!I C8 > INITIALIZE DIGIT COUNTER (HALF) 
0002 AF XRA A ; CLEAR CARRY BIT 
0003 LOOP: 
0003 1A LDAX D ; LOAD TWO DIGITS FROM FIRST OPERAND 
0004 8E ADC M ; ADD TWO DIGITS FROM SECOND OPERAND WITH CARRY 
0005 27 DAA ; DECIMAL ADJUST RESULT 
0006 12 STAX D ; STORE TWO DIGITS OF RESULTS OVER FIRST OPERAND 
0007 23 INX H ; INCREMENT ADDRESS OF SECOND OPERAND 
0008 13 INX D ; INCREMENT ADDRESS OF FIRST OPERAND 
0009 OD DCR C ; DECREMENT DIGIT COUNT 
000A C20300 JNZ LOOP ; CONTINUE IF MORE DIGITS LEFT 
000D C9 RET 
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8080 SIMULATOR 


Simulates all 8080 machine instructions Written in FORTRAN IV | 
Accepts output from PL/M compiler or MAC80 Cross Instantly available on worldwide timesharing services 
Assembler 


Comprehensive user documentation 
Comprehensive debug features 


The 8080 Simulator, INTERP/80' M, is a complete simulation and debug program for the Intel® 8080 microcomputer. INTERP/80 
provides powerful commands to control the execution of 8080 programs. Extensive debug features are built in to help reduce the 
time and cost involved in program checkout. 


INTERP/80 simulates execution of all 8080 machine instructions. Programs either compiled on the PL/M compiler or 
assembled on the MAC80 Cross Assembler may be loaded directly into INTERP/80 for simulation and checkout. 


INTERP/80 provides commands to: 


@ Set Breakpoints 

@ Trace Program Execution 

@ Dump and Modify Memory 

@ Examine and Modify Registers 


Measure Program Timing 

Examine and Set I/O Ports 

Perform Interrupts and Stack Manipulations 
Perform Address Arithmetic 


INTERP/80 also provides symbolic debugging capability. Memory locations may be referenced by their symbolic names, either 
through labels or variable names. This eliminates the need to know the specific absolute address of each variable or label. 


INTERP/80 is written in FORTRAN IV and is designed to run on most large-scale computer systems with a 32-bit or larger 
integer format (word size). It is also available for immediate use on several major timesharing services throughout the world. 


MCS-80™ PROGRAM DEVELOPMENT CYCLE INTELLEC® 
MDS 
MICROCOMPUTER 
DEVELOPMENT 
MAC80 SYSTEM 
CROSS 


ASSEMBLY 


LANGUAGE ASSEMBLER 


Ni Sedeet ore een iNRERRIRO 


SIMULATOR 
PL/M-80 
a= i ae 


SPECIFICATIONS 


SYSTEM 


CAPABILITIES: OPERATIONAL ENVIRONMENT: TAPE CONTENTS: 
Simulates all 78 machine instructions Hardware required 8080 Simulator 
32-bit or larger word size (FORTRAN IV Source) 
enna as pene 15—20K words of memory, MERGE Source File Editing Program 
depending on machine (FORTRAN IV Source) 
a run in batch or interactive Software required | DOCUMENTATION PACKAGE: 
POR EA LY COmpnel INTERP/80 User's Manual 
SHIPPING MEDIA: INTERP/80 Installation Guide 


Magnetic tape 
TAPE FORMAT: 


9-track 80-byte unblocked 
EBCDIC records 
800 BPI Unlabeled 


ee pete th ee ete pO ES» 
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PL/M HIGH LEVEL PROGRAMMING LANGUAGE 
MCS-8™ AND MCS-80™ CROSS COMPILERS 


Reduces program development time and cost Hexadecimal or BNPF object code formats 
improves product reliability and eases maintenance Written in ANSI standard FORTRAN IV 
Available for 8008 and 8080 Instantly available on worldwise timesharing services 


Comprehensive user documentation 


PL/M is a high-level system programming language, specifically designed to ease the programming task for INTEL’s 8-bit 
microcomputers, the 8008 and the 8080. PL/M is a powerful tool, well suited to the requirements of the microcomputer 
system designer and implementor. The language has been designed to facilitate the use of modern techniques in structured 
programming. These techniques can lead to rapid system development and checkout, straightforward maintenance and 
modification, and high product reliability. 


The PL/M compilers convert a free-form symbolic PL/M program into an equivalent 8008 or 8080 object program. The com- 
pilers themselves take care of all the details of machine or assembly language programming, which permits the programmer to 
concentrate entirely on effective software design, and the logical requirements of his system. 


Output from the PL/M compiler may be loaded directly into the 8008 or 8080 simulator programs for interactive, symbolic 
debugging or may be punched to paper tape in hex format for loading into an Intellec® Microcomputer Development System. 
It may also be punched in BNPF format to program ROMs. 


The PL/M compilers are written in ANSI standard FORTRAN IV and are designed to run on any large-scale computer system 
with a minimum 32-bit integer format (word size). They are also available for immediate use on several worldwide timeshar- 
ing systems. 


et — 


PL/M PROGRAMMING EXAMPLE: 
/* BUBBLE SORT DECLARATION */ 


SORT: PROCEDURE (N) ADDRESS; 


ff N = LENGTH OFA 

COUNT = NR. OF SWITCHES PERFORMED TO-DATE 

SWITCHED = (BOOLEAN) HAVE WE DONE ANY SWITCHING YET ON THIS SCAN? */ 
DECLARE (N, 1, SWITCHED) BYTE, 

(TEMP, COUNT) ADDRESS; 


SWITCHED = 1; /* SWITCHED = TRUE MEANS NOT DONE YET */ 
COUNT = Q; 
DO WHILE SWITCHED; 

SWITCHED = @; /* BEGIN NEXTSCAN OFA */ 


DO! = @TON-2; 
IF A(l) > Al(t+1) THEN 
DO; /* FOUND A PAIR OUT OF ORDER */ 
COUNT = COUNT + 1; 
SWITCHED = 1; /* SET SWITCHED = TRUE */ 
TEMP = A(I); /* SWITCH THEM INTO ORDER “*/ 
A(t) = A(t+1); 
A(i+1) = TEMP; 
END; 
END: 
/* HAVE NOW COMPLETED ASCAN_ */ 
END /* WHILE */; 
/* HAVE NOW COMPLETED A SCAN WITH NO SWITCHING */ 
RETURN COUNT |; 


END SORT; 
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SOFTWARE PL/M 


SPECIFICATIONS 
OPERATING ENVIRONMENT: SHIPPING MEDIA: DOCUMENTATION PACKAGE: 
Required hardware Magnetic tape 8008 and 8080 PL/M Programming 
32-bit or larger word size Manual 
20—25K words of memory, TAPE FORMAT: 8008 (or 8080) PL/M Compiler 
depending on machine 9-track EBCDIC Operator’s Manual 
Required software 800 BPI 80-byte unblocked records 
ANSI standard FORTRAN IV com- Unlabeled TAPE CONTENTS: 


PLM Pass 1 (FORTRAN IV Source) 

PLM Pass 2 (FORTRAN IV Source) 

MERGE Source File Editing Program 
(FORTRAN IV Source) 

Sample Test Program (PL/M Source) 


piler 
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MICROCOMPUTER TRAINING 


MICROCOMPUTER TRAINING 


Ccurses presented at training centers and customer System demonstrations 
facilities. 

On-site courses tuned to customer requirements. 
Training Centers 


— Boston Hands-on laboratory sessions reinforce lecture. 

— Chicago 

— Santa Clara Training center classes limited to 12 attendees. 
Scheduled on a continuing basis throughout the Intellec® Microcomputer Development Systems 
year. with ICE-80 in laboratory. 


Microcomputers are being used in hundreds of applications from simple controllers to complex data processing systems. To 
enable users to bring microcomputers into their applications, Intel offers a selection of workshops that are designed to pro- 
vide you with the “‘tools’’ for making optimum use of Intel microcomputers in system development. The coure prerequisites 
are a knowledge of binary and hexadecimal number systems and basic logic functions. To attain maximum benefit from 
course presentation, some background in logic design and computer programming Is recommended. 


REGISTRATION AND ADDITIONAL INFORMATION: Contact MCD Training at Intel Corporation, Santa Clara, California 
95051, (408) 246-7501, or your loca! Intel sales office. 
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MCS-80™ SYSTEM WORKSHOP 


This workshop will prepare the student to design and develop a system using the Intel® 8080 microprocessor through the use 
of lecture, demonstration and laboratory “hands-on” experience with the Intellece® MDS development system and ICE-80. 


COURSE OUTLINE: 


DAY 1 

Introduction 

a. Microprocessor System 
1. Function 
2. Organization 
3. Programming 

b. 8080 Overview 
1. Functional sections 
2. Programming model 
3. Execution Sequence 


Assembly Language Instructions 
Input/Output 
Register/Memory Reference 
Arithmetic 

Logical 

Rotates 


ea0co 


Development System 

a. Function 

b. System Monitor 

c. Paper Tape System 

d. Disc Operating System 


Macro Assembler and Text Editor 
a. Function 
b. Operation 


System Demonstration 


Laboratory 
Using the System Monitor, Text Editor, and 
Macro Assembler 


DAY 2 

System Timing 

a. Instructions 

b. State transition 

c. Signal relationships 
d. Specifications 


Subroutines 

a. Invocation 
b. Stack memory 
c. Parameters 


Programmed Input/Output 
a. Status Request 

b. Command 

c. Data Transfer 


Interrupt System 

a. Description 

b. RST instruction 

c. Service subroutines 


Laboratory 
a. Using the Disc Operating System 
b. Program assembly and execution 


DAY 3 

Branch Tables 
a. Application 
b. Construction 


Direct Load/Store Instructions 
Special Purpose Instructions 


Macros 

a. Definition 
b. Reference 
c. Expansion 


Programming Examples from the System 


Monitor 


Debugging with the System Monitor 
a. Breakpoints 
b. Examine registers 


Basic System Hardware 
a. Bus Structure 

b. CPU Set 

c. Memory 

d. Input/Output 


Laboratory 
a. Software Debug 
b. PROM Programming 


DAY 4 
System Design Based on SBC 80/10 
System Specifications 


CPU Section 

a. Bus structure 

b. System clocks 

c. Interrupt structure 
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Memory Section 
Memory map 
PROM/ROM 
RAM 

Address decoding 
Control signals 


eaogD 


Parallel Input/Output 

8255 Operation 

Printer interface 
Reader/punch interface 
A/D and D/A interface 
Keyboard/display interface 
Control line generation 


Serial 1/O 

a. 8251 Operation 
b. TTY interface 
c. Modem interface 


et > 


Laboratory 
Program assembly and execution 


DAY 5 
Expansion of System Resources 


Complete Design Example of Temperature 
Monitor System 

a. System block diagram 

b. 1/O interface schematic 

c. Software 


ICE-80 Emulator 

a. Definition 

b. System Overview 
1. Memory and 1/O sharing 
2. Breakpoint capability 
3. Dynamic tracing 
4. Control block 


ICE-80 Software Driver 
a. Modes 
b. Commands 


System Debugging Example 
System Demonstration 


Laboratory 
a. Using ICE-80 commands 
b. Debugging 


PL/M-80 LANGUAGE WORKSHOP 


This workshop will prepare the student for writing and debugging PL/M-80 programs using lecture, demonstration, and 
laboratory “hands-on” experience with the Intellec® Microcomputer Development System and ICE-80. 


COURSE OUTLINE: 


DAY 1 
Introduction 
a. Preview of Course 


b, Overview of PL/M, Linking and Reloca- 


tion 
c. Why use a High Level Language 


Definitions 
Symbols 
Identifiers 
Reserved Words 
Comments 

Data Elements 
Expressions 
Statements 
Declarations 


z,o ro Qqa TD 


Data Elements 

a. Variables 

b. Subscripted Variables 
c. Data Type 

d. Constants 


Operators, Operations and Priorities 
a. Arithmetic 
b. Boolean 


Evaluating Expressions 


Statements 
a. Redefine 
b, Basic 


c. Conditional 


Assignment 
a. Implement a Given Algorithm in PL/M 
(as a class) 


DAY 2 
IS1IS-I! Disc Operating System 
a. Components of System 


ISIS-H File Structure 

a. System Files 

b. User Files 

c. Device Files 

d. Directory and File Attributes 


1S1S-1f Commands 


a. CUSPS — Commonly Used System Pro- 


grams 
b. Directory and Attribute Commands 
c. Rename and Delete Commands 
d. Creating System and User Discs 


ISIS-H1 Editor 

a. Definition of Terminology 
b. Invoking the Editor 

c. Editor Commands 

d. Editing Existing Files 


ISIS-1! PL/M 80 Compiler 
a. Invoking PL/M 
b. Compiler Options 


ISIS-t1 Locate 
a. Invoking Locate 


Laboratory 

a. Introduction to ISIS-II Disc Operating 
System 

b. Creating a PL/M Source File 

c. Compiling a PL/M Program 

d. Locating and Executing a PL/M Program 


DAY 3 
Review 


Procedures 

a. Declaration 

b. Invocation 

c. Program Construction 


Data References 
a. Based Variables 
b. Variable Equivalencing 


Statement Labels 
Unconditional Transfers 


Blocks 
a. Concept and Use 
b. Scope of Declarations 
1. Global and local 
2. Nested and parallel blocks 
3. Public and external attributes 
c. Modular Compilation 
d. Modular Program 


IStS-11 Link 

a. Invoking Link 

b. Link Options 

c. Assembly Object Modules 


Laboratory 

a. Compile Program Modules 
b. Link and Locate Modules 
c. Execute Program 


14-21 


DAY 4 
Review 


1SIS-11 Librarian 

a. Creating a library 

b. Managing a library 
1. Adding modules 
2. Deleting modules 


ISIS-11 System Interface 
a. System Library 


!1CE-80 Emulator 
a. Definition 
b. System Overview 
1. Memory and !/O mapping 
2. Breakpoint capability 
3. Dynamic tracing 
4. Control block 


ICE-80 Software Driver 


a. Modes 
b. Commands 


System Debugging Examples 
System Demonstration 


Laboratory 

a. Create a library 

b. Link object to a library 

c. Locate 

d. Load and emulate using ICE-80 


DAY 5 
Review 
Interrupt Procedures 
Reentrant Procedures 


Predeclared Procedures 

TIME Procedure 

MOVE Procedure 

LENGTH, LAST and SIZE Procedures 
Type Transfers 

e. Shifts and Rotates 


The Memory Array and STACKPTR 
Variables 


a. 0°. 2 


Discussion of Selected Programs 


Laboratory 
a. Execution and Debugging of Selected 
Programs 


MCS-48™ SYSTEM WORKSHOP 


This workshop will prepare the student to design and develop a system using the Intel 8048 microprocessor through the use 
of lecture, demonstration and laboratory ‘‘hands-on” experience with the Intellec® Development System and PROMPT-48. 


COURSE OUTLINE: 
Day 1 
Orientation 
Introduction 
a. Microprocessor System 
1. Function 
2. Organization 
3. Programming 
b. 8048 Overview 
1. Functional Sections 
2. Programming Model 
3. Execution Sequence 
Assembly Language Instructions 
1/O Instructions 
. Data Move Instructions 
Increment/Decrement Instructions 
. Branch Instructions 
Worksession No. 1 
Accumulator Group Instructions 
1. ADD/ADDC 
2. Logicals 
PROMPT-48 
a. Function 
b. Operation 
Laboratory Exercise 
a. Program Entry and Execution 
using PROMPT-48 
Day 2 
Assembly Language Instructions 
a. Accumulator Group Instructions 
1. Flags 
2. Rotates 


>eoae ge 


b. Specials (KCH, DA, SWAP) 
c. Worksession No, 2 
d. Subroutines 
1. Invocation 
2. Stack Operation 
e. Interrupt System 
1. Description 
2. Service Subroutines 
3. Multiple Source Systems 


Development System 
a. Function 
b. Disk Operating System 
Text Editor and Macro Assembler 
a. Function 
b. Operation 
Laboratory Exercise 
a. Bootstrap Procedures 
b. Create, Edit and Assemble 
Source Program 
c. Execute Program 
Day 3 
System Timing 
a. Basic Timing and Timer 
b. Bus Timing for Peripheral Devices 
Peripherals and Design 
a. Expanding Memory* 
1. Program Memory (1, 2K ROMs) 
2. Data Memory (RAMs) 
b. Expanding Ports (8243) * 
1. Device Characteristics 
2. Software Control of Ports 


c. Combination Chips* 
1.8155 RAM and I/O Chip 
2. 8355,8755 ROM and I/O Chip 
d. Peripheral Interfacing (Parallel) * 
1.8255 Parallel 1/O 
2.8279 Keyboard and Display 
Interface 
—Keyboard Scanning 
Techniques 
—Display Refresh 
Laboratory Exercise 
a. Edit and Assemble Using DOS 
b. Execute Using PROMPT-48 


Day 4 
Peripherals and Design 
a. Peripheral Interfacing (Serial) * 

1. Transmission Formats 

2. Asynchronous Operation 

3. RS232C Interface 
b. A/D and D/A Interfacing* 

1. Successive 

Approximation A/D 

2. A/D, D/A Chips 

3. A/D Design 
Laboratory Exercises 
a. Edit and Assemble Programs 
b. Execute Programs 
*Each section will consist of a design example 
including schematic, bus loading calculations, 
software and timing. 


PROGRAMMABLE PERIPHERAL CIRCUITS WORKSHOP 


This course will cover the Programmable Peripheral Circuits that are used in a wide variety of application areas such as process 


control, terminals, communications, numerical control, instrumentation, etc. 


Each device is covered in sufficient depth to allow the attendee to define its hardware and software characteristics and 


evaluate its application areas. 


COURSE OUTLINE: 
Day 1 
Introduction 
a. Programmable Concept 
1. Initialization Commands 
2. Operation Commands 
b. Addressing Methods 
1. Chip Selection 
2. Memory Mapping 
3. 1/O Mapping 


8253 Programmable Interval Timer 
8257 Programmable DMA Controller 


8259 Programmable Interrupt Controller 


8279 Programmable Keyboard/Display 
Interface 

a. Chip Descriptions and Applications 
b. Programming Requirements 

c. Design Examples 
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Day 2 

8271 Programmable Floppy Disc Controller 
8273 SDLC Protocol Controller 

8275 Programmable CRT Controller 
8155/8355/8755 Combination Memory 
and 1/O Ports 

a. Chip Descriptions and Applications 

b. Programming Examples 

c. Design Examples 


SERIES 3000 WORKSHOP 


This workshop will provide the student with an in-depth understanding of the Series 3000 family through the use of lecture 
and demonstration. Microprogramming and design examples are presented. 


COURSE OUTLINE: 


DAY 1 DAY 2 DAY 3 
Introduction Design Techniques Development Support 
a. Introduction to Microprogramming a. Conditional Clocking a. Introduction to CROMIS, the Series 
b. The Series 3000 Component Family b. K-Bus 3000 Cross Micro-Assembler 
c. Series 3000 System Overview c. Micro-Instruction Field Extension b. MDS-800 Microcomputer Development 
CPU Design Example Ge Microrsubrouting System ee 
; e. Pipelining c. ICE-30 In-Circuit Emulator 
ae CR USSY Stem eu ernents f. Timing Analysis d. ROM Simulator 
b. Architecture of a CPU : ; : 
c. Developing a Macro-Instruction Set Controller Design Example ee SPemonst ation 
d. Interrupt Handling a. Disc Controller System Requirements 
e. Microprogram Mapping b. Architecture of a Disc Controller 


c. Microprogram Implementation 
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ORDERING INFORMATION 


Semiconductor components are identified as follows: 


Example: 
Mo _©& _5 _i_ 0 Ea, eee oS, yee ee 
Four or five characters Up to three character 
per device type modifier for power, 


speed, processing, etc. 
Package Type 
B — Hermetic Package, Type B 
C — Hermetic Package, Type C 
D — Hermetic Package, Type D 
M — Metal Can Package 
P — Plastic Package 
X — Unpackaged Device 


M — Indicates Military Operating 
Temperature Range 


Examples: 


P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range. 


C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial 
temperature range. 


MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level 
C processing. * 

MC8080A/B 8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883 
Level B processing. * 


Kits, boards and systems may be ordered using the part number designations in this catalog. 


The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, CAlifornia 95051. 


“On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates MIL-STD-883 Level 
C processing. “S’’ number suffixes must be specified when entering any order for military temperature devices. All orders 
requesting source inspection will be rejected by Intel. 
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PACKAGING INFORMATION ii dimensions in inches and (millimeters) 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 


16-LEAD PLASTIC DUAL IN-LINE 


.840 (21.336) 
PACKAGE TYPE P . (20. 626) 
PIN el 
.260 [ (6.604) 
‘240 a ia 096) 
325 
— MAX.— 
.200 (5.080) .140 (3.556) (8.255) 
MAX. -130 (3.302) | 
SEATING vr 015 (0.381 9” 
PLANE j ost ~pilLe 5° 
.015 MIN.  .008 (0.203) ‘ 
.100 (2.540) | | 
.165 (4.191) al. 0.383) 
3 .023 (0.584) = .400 
110 cs 794) hi (1.651) 032 TYP 014 (0.356) ’.330 
7090 (2.286) 040 (1.016) (0.813) (10.160) 
(6.382) 
910 (23.114) 
18-LEAD PLASTIC DUAL IN-LINE a (22.098) 
PACKAGE TYPE P Pil. 
.260 i 604) 
.240 . 096) 
325 
~ MAX. 
.200 (5.080) .140 (3.556) (8.255) 
MAX. -130 (3.302) 
SEATING = — 015 (0.381) i} 0° 
PLANE it F015 MIN. “008 (0.203) =e q5° 
.100 (2.540) 7 | sh (0.381) l | 
165 (4.191) ay ies <7 | | 023 (0.584) | 466 
:110 (2.794) 065 (1.651) 939 Typ 014 (0.356) —-— “330 
(8.382) 
1.110 (28.194) 
22-LEAD PLASTIC DUAL IN-LINE “——~ 7.090 (27.686) 
PACKAGE TYPE P sw 
360 (9.144) 
"340 (8.636) 
| 
Y 425 
MAX. 
.200 (5.080) .155 (3.937) (10.795) 
MAX. -145 (3.683) 
SEATING TET .015 (0.381) O° 
PLANE t —— \ =, 
15 
.100 (2. a An a EON en) a 
.165 (4.191) | lt. 023 (0.584) 510 J 
.110 (2. 794) .065 a 651)  .032 TYP .014 (0.356) -450 ~ 
(090 (2.286) 040 (1.016) (0.813) (12.954) 


(11.430) 


15-4 


PACKAGING INFORMATION All dimensions in inches and (millimeters) 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 


24LEAD PLASTIC DUAL IN-LINE aoe eaten 
PACKAGE TYPE P 1.230 (31.442) 


550 (13.970) 
530 (13.462) 


2 a st .625 


MAX. 


.200 (5.080) 160 (4.064) (15.875) 
MAX. 450 


150 (3.810) 
SEATING heme iad = 015 (0.381) 7 OF 
PLANE ! | 3 i ii t 015 min, .008 (0.203) ile 15° 


.100 (2.540) s 
.165 (4.191) " 


(0.381) ] l 
r ~] al. 023 (0.584) 700 
110 (2.794) .065 (1.651) .032 TYP .014 (0.356) 630 
.090 (2.286) 040 (1.016) = (0.813) (17.780) 
(16.002) 
1.460 (37.084) 
28-LEAD PLASTIC DUAL IN-LINE Po a 
PACKAGE TYPE P eens PIN] a 
(o) 
550 (13.970) 
530 (13.462) 
| 
=a Ranier eee o 625 
MAX. 
.200 (5.080) .160 (4.064) (15.875) 


MAX. 150 (3.810) | 
SEATING Soe iam : 
015 (0.381) oO 
PLANE : , : i ie F ois MIN. (008 (0.203) ~mm le 15° 
t 
se 7 


100 (2.540) | (0.387) ! 
.165 (4.191) sa .023 (0.584) .700 
110 (2.794) 065 (1.651) .032 TYP 014 (0.356) ‘630 ——> 
.090 (2.286) 040 (1.016) (0.813) (17.780) 
(16.002) 
2.060 (52.324) 
40-LEAD PLASTIC DUAL IN-LINE r 2.040 (51.816) eel 
PACKAGE TYPE P bat ee PINT) 
° 4 
| 
550 (13.970) 
530 (13.462) 
= 625 
lae— MAX, 
-200 (5.080) 175 (4.445) | (15.875) 
MAX. -_ 7 165 (4.191) — | | 
SEATING AA a .015 (0.381) i. . 
PLANE | | 015 MIN, -008 (0.203) an 15 
.100 (2.540) | a 4 | (0.381) ; 
.165 (4.191) oe : oA .023 (0.584) 700 
.110 (2.794) .065 (1.651) .032 TYP 014 (0.356) -— 630 — 
.090 (2.286) 040 (1.016) (0.813) (17.780) 
(16.002) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 


16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 


Bhd (19.812) 
.740 (18.796) 
PIN 1 


300 (7.620) 
.260 (6.604) 
322 
200 (5.080) .160 (4.064) rage 
MAX. 145 (3.683) | 
ae SS oan Soe oe | 
SEATING _ ' q Serieee cea _ 
aitiias | .015 MIN. 015 (0.381) we Pears 
100 (2.540) L065 (1.651) (0.381) 008 (0.203) : 
65 (4.191) 110 (2.794) ce 040 (1016) [> | 023 (0.584) 400 
090 (2.286) j ; 032 , .014 (0.356) .330 —— 
; TY (10 a0) 
1 (10.16¢ 
(0.813) ine 
cee UD 122,987) 
18-LEAD HERMETIC DUAL IN-LINE P 875 (22.225) 
PACKAGE TYPE D eta PIN 4 
300 (7.620) 
260 (6.604) 
322 
200 (5.080) MAX. 
max tev ieoes ie er 
SEATING 1 gp 
BEANE O15MIN. — .015 (0,381) Waaee 
.100 (2.540) (0.381) 008 (0.203) "| a 
.165 (4.191) .023 (0.584) 400 
014 (0.356) eumeeek "aaa 
110 (2.794) 065 (1.651) (10.160) 
090 (2.286) 040 (7.016) 16.383) 
1.085 (27.559) 
22-LEAD HERMETIC DUAL IN-LINE | V058 (26.797) a 
PACKAGE TYPE D ee PIN 
400 (10.16) 
350 (8.89) 
425 
MAX. 
.200 (5.080) 180 (4.572) 
MAX. 140 (3.556) | (10.795) 
SEATING a =e N ge 
PEONE .015 MIN, .015 (0.381) | Peer 
; -100 (2.540) (0.381) (008 (0.203) | a 
4165 (4.191) 440 (2.794 4, is 065 (1.651) | aa jase Dies. 
an 040 (1.016) ee ee 
090 (2.286) 032 we "014 (0.386) 440 >| 
(0.813) (12.954) 
(11.176) 
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PACKAGING INFORMATION Ai dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 


24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 


1.270 (32.258) 
PO 1.230 (37.242) ne 


Se ie 


ial (13.462) 
510 on 12.954) 


-220(5.588) 


178 (4.448) MAX. 
MAX. 150 (3.810) cil (15.875) 


.625 


SEATING as 0° 
PLANE = if 2 
015 (0.381) i 15° 
100 (2,540) oes ye ote 008 (0.203) | mT 
110 04 eee =a 700 
1090 (2.286) aus VP. 630 
(0.813) (17.780) 
(16.002) 
1.470 (37.338) 
28-LEAD HERMETIC DUAL IN-LINE | 1.430 (36.322) 
PACKAGE TYPE D a PIN 1 
530 (13.462) 
510 (12.954) 
625 
MAX. 
.220(5.588) 175 (4.445) _ 
MAX. .150 (3.810) | (15.875) 
SEATING __ acca me ge 
PLANE > i} 0° 
100 (2.540) | L..015 MIN. eS See 15° 
165 (4.191) ee oS | acted ai ! 700 CS! 
040"(1.016) ~ rile .023 (0.584) Ss 
.110 (2.794) 032 TYP 014 (0.356) (17.780) 
(090 (2.286) (0.813) (16.002) 
2.070 (52.578) 
40-LEAD HERMETIC DUAL IN-LINE 2.030 (51.562) 
PACKAGE TYPE D PIN 1 
a (13 
510 (1 12 aBah 
625 
175 (4.445) 445) MAX. 
.220 (5.588) = | " i 
MAX. .160 (3.810) (15.875) 
SEATING ! ie es ho 
ee i 015 (0.381) ae ed 
-100 (2.540) .065 (1.651) SC Oaehie 008 (0.203) | t 
pene 3] i 040 (1.016) lle .023 (0.584) a, 
630 
.110 (2.794) .032 TYP 014 (0.356) (17.780) 
090 (2.286) (0.813) (16.002) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 


16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 


—- 


a 


-200 (5.080) 


820 (20.820) 


-780 (19.812) 
PIN 1 


.095 (2.413) 
MAX. 070 (1.778) 
== 2130 (3.302) 
322 .080 (2.032) as 
SEATING oO” 
PLANE F015 MIN. 015 (0.381) Nail? 10° 
(0.381) 008 (0.203) | N 
.100 (2.540) .065 (1.65) 
"165 (4.191) .040 (1.016) q:023 (0.584) 380 | 
een (014 (0.356) 280 
110 (2.794) (0.813) a (9.652) 
.090 (2.286) (7.112) 
.920 (20.820) 
0 (19.812) 
18-LEAD HERMETIC DUAL IN-LINE ae PIN 1 MARK 
PACKAGE TYPE C SS ee 
.310 (7.874) 
270 (6.858) 
.200 (5.080) 095 (2.413) 
MAX. 1070 (1.778) 
— ann tt 2032 
(080 (2.032) 
SEATING - - o 
PLANE f 015 MIN .015 (0.381) Nala 10° 
(0.381) 008 (0.203) 4 i 
.100 (2.540) .065 (1.651) 
165 (4.191) .040 (1.016) .023 (0.584) 380 
"014 (0.356) ime 
110 (2.794) ae (9.652) 
090 (2.286) 7412) 
1.095 (27.813) 
j 1.055 (26.797) | 
22-LEAD HERMETIC DUAL IN-LINE eae PIN 1 MARK 
PACKAGE TYPE C aera 
. ss .400 (10.160) 
J : .380 (9.652) 
.200 (5.080) .100 (2.540) 
MAX. .070 (1.774) 
==: .130 (3.302) 
7 _ .080 (2.032) 
SEATING ane \ 0° 
PLANE f .015 MIN. .015 (0.381) Salle 79° 
(0.381) 1008 ‘0.203) 
100 (2.540) 065 (1.651) | ! 
"165 (4.191) (040 (1.016) .023 (0.584) ag0 
"014 (0.356) a 
110 (2.794) peaeniee se ee (12.192) 
"090 (2.286) (0.813) 79.906) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 
24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 


1.220 (30.988) 
1.180 (29.972) 


PIN 1 MARK 


.600 (15.240) 
‘560 (14.224) 


a 


.200 (5.080) 095 (2.413) 
MAX. .070 (1.778) 
maples .130 (3.302) 
aoe ss (080 (2.032) ; 
SEATING ener yS 
PLANE LOAN: Sa Le7 10° 
Lats min .008 (0.203) 
100 (2.540) 065 (1.651) 
‘165 (4.191) 040 (1.016) __ 023 (0.584) .680 
ae .014 (0.356) 580 
.110 (2.794) (17.272) 
:090 (2.286) a 4.732) 
1.420 (36.068) 
28-LEAD HERMETIC DUAL IN-LINE 180 Se 082) PIN 1 MARK 
PACKAGE TYPE C eee 
.600 (15.240) 
‘560 (14.224) 
.200 (5.080) .095 (2.413) 
MAX. :070 (1.778) 
Se ONEALEEETATAIAY Eecl mee nea -130 (3.302) 
oe .080 (2.032) e 
SEATING___Y 
.015 (0.381 Wars 
Eee t E owsmin 008 (0-203) = a 
100 (2.549) 065 (1.651) al eal ! 
165 (4.191) (040 (7.076) 023 (0.584) 680 el 
aa “~'014 (0.356) 580 
.110 (2.794) 
.090 (2.286) qe 
2.025 (51.435) 
40-LEAD HERMETIC DUAL IN-LINE 1.975 (60.165) See 
PACKAGE TYPE C ——— 
.600 (15.240) 
560 (14.224) 
.200 (5.080) .095 (2.413) 
MAX. .070 (1.778) 
AA. = .130 (3.302) 
; (032 
SEATING _ CES eee Ho 
PLANE ! TF 015 (0.381) Xe IL 10° 
+ O15MIN.  .008 (0.203) | i 
.100 (2.540) 065 (1.651) (0.381) pee 
.165 (4.191) (040 (1.016) ~<_-023 (0.584) 50 
te 014 (0.356) : 
.110 (2.794) (17.272) 
:090 (2.286) (14.732) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE B 


22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 1.085 (27.559) 


1.065 (27.051) 
PIN 1 


425 
.200 (5.080) .140 (3,556) MAX. 
i oe 120 (3.048) (10.795) 
iar cpa: 175 (4.445) 
seating yy [iijttt) | 155 (3.937) P 
PLANE \ eo 
015 MIN. 10/981) 015, ~t5 
100 (2.540)  ¥ —__ (0.381) (0.203) .008 
165 (4.119) aL 
aware | | see ess _ sw 
Oe eee8) 065 (1.651) .032 Typ. .014 (0.356) -450 
.040 (1.016) (0.831) (12.454) 
(11.430) 
24-LEAD HERMETIC DUAL IN-LINE Sree oem 
PACKAGE TYPE B 1.230 (31.242) 
PIN 1 
530 (13.462) 
510 (12.954) 
625 
.220(5.558) .150 (3.810) MAX. 
MAX. ae "110 (2.794) (15.875) 
Seatet acs 190 (4.826) 
SEATING y ULidtit) — _ 125 (3.175) | 
PLAN ; i 0° 
ciliee P oiewline ane eae, gillae ae: 
100 (2.540) ioae4i 008 (0. ! 
165 (4.191) 110 (2.794) x af 023 (0.584) oe 
090 (2.286) M065 (1.651) 35 typ 014 (0.356) sa 
040 (7.016) “(.543) pee 
(76.002) 


METAL CAN PACKAGE TYPE M 


8-LEAD METAL CAN 


335 (8.509) 
PACKAGE TYPE M 306 (7.747) DIA. 


N 
.185 (4.699) .040 (1.016) 
165 (4,191 MAX. 
500 (12.7 
. ene INSULATOR 
.050 (1.27) 
MAX, 
.370 (9.398) | 8 LEADS 
aE DIA. .019 (0.483) 
.335 (8.509) 019 Bik 
.200 (5.08) .016 (0.406) 
q 45° EQUALLY 
(/ SPACED 
1 5 
034 (0.864) eX yy 
(028 (0.711) 


CEE 


045 (1.143) 
.029 (0.737) 
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INTEL MILITARY PRODUCTS 
IC 38510 PROGRAM 


Intel offers selected products in full conformance with requirements for military components. 
Effort is underway by agencies of the Department of Defense with full Intel cooperation to estab- 
lish “JAN” standards for several of our products. Intel has led these standards by emulating the 
anticipated ‘“JAN’’ processing and lot acceptance requirements with the Intel in-house 1C 38510 
Program. Intel Specifications are available which document general and detailed requirements for 
each of the military products. Detail specifications are organized by generic family and provide all 
information necessary for non-standard parts submissions in accordance with MIL-STD-749, Step I, 
Step Il, and Step III. These documents are available from your local Intel Sales Office or authorized 
Intel Distributor. 


Three levels of product assurance are offered: Level B, Level C, and Military Temperature Only. 


The Military Temperature level products have guaranteed operating characteristics over the specified 
temperature range and have undergone Intel's rigid product assurance requirements. 

Level C and Level B products are in conformance with MIL-STD-883, Method 5004 requirements, 
and in addition, have a specified maximum rebond criteria (10%) and a specified burn-in PDA 
(10%), all documented in the detail specifications, consistent with 38510 requirements. Lot con- 
formance tests are performed in accordance with MIL-STD-883A, Method 5005. 


INTEL MILITARY PRODUCT FAMILY 


MCS-80 3000 Series PROMs RAMs 
MC8080A MD 3001 MC1702A MD2102A-4 
MD8102A-4 MD 3002 MC2708 MD2115L 
MD8212 MD 3003 MD 3601 MD2125L 
MD8214 MD3212 MD3604 MC5101-4 
MD8216 MD3214 MD3624 MC5101L-4 
MD8224 MD3216 
MD8228 
MC8251 
MC8255 
MC8316A 
MC8702A 


MC8708 
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LEVEL B AND C 
MILITARY PRODUCTS MANUFACTURING FLOW 


@ Incoming OC Raw Material Inspection 
@ Incoming QC Silicon Wafer Inspection 
Wafers ¢ ) Optical Inspections 
@ Wafer Fabrication A Contamination Checks 
x ; . Particle Counts 
% Cie ear ashen Critical Dimensions 
& Wafer Sort . 
Pl QA Wafer Inspection 
and Die Count 
& Scribe and Break 
& D1 Water Die Clean 
@ Post Break Chip Inspection — 
MIL-STD-883A, Method 2010 
Condition B 
QA Post Break Chip 
a Inspection, MIL-STD- 
883A, Method 2010 
Condition B 
Lead Frame 
and Base @ 
( ) Lead Frame Attach 
@ Visual Inspection for Alignment 
and Glass Flow 
& Die Attach: Jumper Chip Attach 
Visual Inspection of 
A Die Attached Units. 
Monitor of Die Attach 
Machines. 
& Aluminum Ultrasonic Wire Bond 
Bond Pull Acceptance to 
| | Monitor Bond Strengths per 
. MIL-STD-883A, Method 2011 
Die Attach and Bond Inspection 
CO) per MIL-STD-883A, Method 2010 
Condition B 
QA Die Attach and Bond 
a Inspection per MIL-STD-883A, 
Method 2010 Condition B 
AQL = 1% 
Cap & 
& Cap Seal 


QA Seal Monitor. Cap 
{\ Alignment and Glass Flow 


Stabilization Bake, 


Temperature Cycle, per MIL-STD-883A, 150°C, 24 Hours 


Method 1010 Condition C, 10 cycles 
Centrifuge, per MIL-STD-883A, Method 
2001, Condition E, Y; Axis, 30KG 


Hermeticity Testing: Fine Leak — Helium 
or Kr 85 to 5x1078 ce/sec. 


Q—O—-O 


Gross Leak — Fluorocarbon, 
Condition Co, 100% MIL-STD- 
883A, Method 1014 


Te tet? QA Tin Thickness Monitor 
/\. Thickness Spec 200-700 
& Trim Tie Bar Microinches 
a Hermeticity Lot Acceptance 
AQL =1% 
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LEVEL B AND C 
MILITARY PRODUCTS MANUFACTURING FLOW (Cont’d) 


1) Final Visual — Package, Seal Date Code, 
Country of Origin, and © 
Lead Inspection 


Final Visual Lot 
Acceptance, AOL = 1% 


on | Plant Outgoing Inspection* 


Mark, Tube Load and Opens and Shorts 


Testing 
& Ship to USA 
@ Stabilization Bake — 150°C, 24 Hours 
incoming Inspection of 
m7 Foreign Assembly Plant 
Shipments**. LTPD 
Dependent Upon Test 
e. 25°C Interim Electrical Tests, Level 
g B Products Only per MIL-STD-883A 
Burn-in (Level B Products Only) per 
@ MIL-STD-883A, Method 1015, Condition 
Cor F 
)) 100% Electrical Tests at 25°C 
(AC, DC, Function) 
C, 100% Electrical Test at -55°C 
Gg (AC, DC, Function) Level B Product Only 
C, 100% Electrical Tests at +125°C 
S (AC, DC, Function) Level B Product Only 
Mark Customer Number Final QA Visual and Electrical 
Tests at 25°C, -55°C, and 125°C 
| J LTPD = 5 (AC, DC and Function) 
(-55°C and +125°C Testing On 
Levels B and C Product Only) 
Group B Tests Performed per 
MilL-STD-883A, Method 5005, 
a for Lot Conformance. (Levels 
B and C Only) 
Group C and D Tests Performed 
per MIL-STD-883A, Method 5005, 
# for Lot Conformance. (Levels B 
@ Ship to Customer and C Only) 
PIECE PARTS © MANUFACTURING OPERATION LA 24 Monitor 


© 


@ MANUFACTURING INSPECTION OR TEST [[] 04 LOT ACCEPTANCE 


*Outgoing Acceptance (Plant Clearance) Inspections: **Incoming Inspection Testing: 


Test LTPD ACC Test 


. Hermeticity 2 . X-Ray, Die Attach and 


. Centrifuge Seal Quality 


. X-Ray . External Visual 


. Opens and Shorts 


. Lead Fatigue 


. Acoustic (Loose Particles) AQL = .04% =i Bermertcnty 
. Lead Fatigue 
. Internal Visual 
. Bond Pull 


. Acoustic (1000 Particles) AQL = .04% 
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STANDARD PRODUCT PROCESSING AND 100% SCREENING 


Optical inspection criteria based on 
MIL-STD-883 Method 2010.1B to 


insure that all devices are free Hermeticity Testing to 
from internal defects which could eliminate devices which 
lead to failure in normal applications. show insufficient 
(Monitored by QA) hermeticity. (Monitored 
by QA) 


Fine leak C DIPs,CERDIPs, and 
Metal cans (MIL-STD-883 
Method 1014A)* Gross Leak 
C DIPs and Cerdips only (Method 

1014C; vacuum omitted and 2 hour pressurization). 


’ Metal Can 
Die Attach Pneupactor for constant acceleration and 
(Monitored by QA) mechanical shock (15,000G for 0.5 msec) 


to insure that all devices are adequately 
die attached, bonded and free from 
package defects. (Not 100% screened. 
Lead Bonding (Monitored by QA per Monitored by QA) @. ou - 
MIL-STD-883 Method 2011 Test Condition D.) 


Precap Visual 
Inspectioncriteria «+ . Rp 
based on MIL-STD-883 ~ x 
Method 2010.1B to insure 
that after assembly all devices are free 
from defects which could lead to failure 
in normal applications. (Each lot must 
pass a QA acceptance.) 


Temperature Cycling per MIL-ST 
Method 1010 Test Condition C (1 
—65°C to +150°C) to insure that < 
are free from metalization, bondi 
packaging defects. (Monitored by C 
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Electrical Testing at 25°C to 
test conditions and limits which guarantee 
AC, DC and functional performance over 
Memae full soecified temperature 
range. 


*Fine leak limits: All 
devices: 5 x 10-” cc/sec. 
Quartz lid devices 


Ceramic DIP and Cerdip 
-entrifuge for constant acceleration 

- MIL-STD-883 Method 2001 Test 
wie Condition E (80,000G Y1 plane) 
to insure that all devices are 
adequately die attached, bonded 
and free from package defects. 

» (Not 100% screened; 
monitored by QA) 


Continuity at 
high temperature 

to insure that no 

terminals will open or short at 

high temperatures. (Monitored by QA) 


Plastic 
Deflash, trim and form leads. 
Back fill. (Monitored by QA) 


Final QA Acceptance per 
MIL-STD-883 Method 2009 External 
Visual, and Electrical AC, DC, 
Functional Tests at 25°C with correlated 
limits to guarantee performance over 
full specified temperature range 
(AQL 1%) 
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ADDITIONAL LITERATURE 


Intel provides a variety of brochures, application notes, design manuals and other literature. The list below 
includes the most popular publications available at the time of this publication. If you wish to receive Intel 
literature, contact your local Intel sales office representative, distributor or write Intel Corporation, Litera- 
ture Department, 3065 Bowers Avenue, Santa Clara, California 5051. Volume and Educational discounts 
are available. 


International locations also provide selected literature in Japanese, French or German. 


Complementary Information 


BROCHURES 


MCS-48™ Brochure 

McCS-80™ Brochure 

MCS-85™ Brochure 

SBC Single Board Computer Brochure 
PL/M Application Brochure 

Intellec® Brochure 


REFERENCE CARDS 


MCS-40™ Assembly Language Reference Card 
MCS-48™ Assembly Language Reference Card 
MCS-80'™ Assembly Language Reference Card 


RELIABILITY REPORTS 


RR6 1702A Silicon Gate MOS 

RR 7 2107A/2107B 

RR8_ Polysilicon Fuse Bipolar PROM 
RRQ MOS Static RAMs 

RR 10 8080/8080A Microcomputer 
RR 11 2416 16K CCD Memory 

RR 12 2708 8K Erasable PROM 

RR 14 2115/2125 MOS Static RAMs 


APPLICATION NOTES 
AP 22 Which Way for 16K? 
AP 23 2104A 4K RAM 
AP 24 2116 16K RAM 
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MANUALS AND HANDBOOKS 


a 


1977 Memory Design Handbook 

MCS-40™ User’s Manual 

MCS-48™ User’s Manual 

MCS-80'™™ User’s Manual 

MCS-85"™ User's Manual 

Series 3000 Reference Manual 

4004/4040 Assembly Language Programming Manual 
MCS-48 Assembly Language Programming Manual 
8080 Assembly Language Programming Manual 
PL/M-80 Programming Manual 

Series 3000 Microprogramming Manual 

SBC 80/10 Hardware Reference Manual 

SBC 80/20 Hardware Reference Manual 

Intellec® Development System Operator’s Manual 
Intellec® Development System Reference Manual 
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3065 Bowers Avenue 

Santa Clara. California 95051 
Tel: (408) 246-7501 

TWX: 910-338-0026 

TELEX: 34-6372 


MICROCOMPUTER AND MEMORY SYSTEM 


SALES AND MARKETING OFFICES 


U.S. AND CANADA SALES OFFICES 


ALABAMA 
Col-Ins-Co 

2806 Broadview Drive 
Huntsville 35810 

Tel: (305) 423-7615 


ARIZONA 

Sales Engineering, Inc. 
7226 Stetson Drive, Suite 34 
Scottsdale 85252 

Tel: (602) 845-5781 

TWX: 910-950-1288 


CALIFORNIA 

Intel Corp.* 

990 E. Arques Ave. 
Suite 112 

Sunnyvale 94086 

Tel: (408) 738-3870 
TWX: 910-339-9279 
TWX: 910-338-0255 
Mac-l 

P.O. Box 1420 
Cupertino 95014 

Tel: (408) 257-9880 
Intel Corp." 

1651 East 4th Street 
Suite 228 

Santa Ana 92701 

Tel: (714) 835-9642 
TWX: 910-595-1114 
Mac-l 

11725 Espen Circle 
Fountain Valley 92708 
Tel: (714) 839-3341 
Mac-l 

22935 Erwin Street 
Woodland Hills 91364 
Tel: (213) 347-1374 
Earle Associates 
4433 Convoy Street, Suite A 
San Diego 92111 

Tel: (714) 278-5441 


COLORADO 

Intel Corp. 

12075 East 45th Avenue 
Suite 310 

Denver 80239 

Teal: (303) 373-4920 
TWX: 910-932-0322 
BFA Corporation 
850 Lincoln Street 
Denver 80203 

Tel: (303) 837-1247 
TWX: 910-931-2205 


CONNECTICUT 
Intel Corp. 

8 Mill Plain Road 
Danbury 06810 , 
Tel: (203) 792-8366 


FLORIDA 

Intel Corp. 

2020 W. McNab Road, Suite 104 
Ft. Lauderdale 33309 

Tel: (305) 971-7200 

TWX: 510-956-9407 

intel Corp. 

5151 Adanson Street. Suite 200-3 
Orlando 32804 

Tel: (305) 628-2393 

TWX: 810-853-9219 

Col-Ins-Co 

1313 44th Street 

Orlando 32809 

Tel: (305) 423-7615 


GEORGIA 

Col-Ins-Co 

1280 Cedar Park Circle 
Stone Mountain 33083 
Tel: (305) 423-7615 


ILLINOIS 

Intel Corp.” 

1000 Jorie Boulevard 
Suite 224 

Oakbrook 60521 

Tel: (312) 325-9510 
TWX: 910-651-5881 
Data Electronics 
4976 North Milwaukee Avenue 
Chicago 60630 

Tel: (312) 283-0300 


INDIANA 

Data Electronics 
2920 Shelby Avenue 
Indianapolis 46203 
Tel: (317) 784-6360 


IOWA 

Technical Representatives, Inc. 
1703 Hillside Drive N/W 
Cedar Rapids 

Tel: (319) 396-5662 


KANSAS 

Technical Representatives, Inc. 
801 Clairborne 

Olathe 66061 

Tel: (913) 782-1177 

TWX: 910-749-6412 


MARYLAND 

Glen White Associates 
57 West Timonium Road 
Timonium 21093 

Tel: (301) 252-7742 

Intel Corp.* 

57 West Timonium Road 
Suite 307 

Timonium 21093 

Tel: (301) 252-7742 
TWX: 710-232-1807 


EUROPEAN MARKETING OFFICES 


BELGIUM 

Intel International* 
Rue du Moulin a Papier 
§1-Boite 1 

B-1160 Brussels 

Tel: (02) 660 30 10 
TELEX: 24814 


ORIENT MARKETING OFFICES 


JAPAN 

Intel Japan Corporation* 

Flower Hill-Shinmachi East Bidg. 
1*23-9, Shinmachi, Setagaya-ku 
Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 


FRANCE 

Intel Corporation, S.A.R.L.* 
74, Rue D'Arcueil 

Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 

TELEX: 270475 


HONG KONG 
Q1 (Far East) Ltd. 


Tak Yan Commercial Bidg. 6th floor 


30-32 D'Aguilar Street, Central 
Hong Kong 

Tel: 5-260311 

TELEX: 83138 JADE HX 


INTERNATIONAL DISTRIBUTORS 


AUSTRALIA 

A. J. Ferguson (Adelaide) PTY, Ltd. 
44 Prospect Rd. 

Prospect 5082 

South Australia 

Tel: 269-1244 

TELEX: 82635 

Warburton O'Donnell Limited 
372 Eastern Valley Way 
Chatswood, N.S.W. 2067 

Tel: 407 3261 

TELEX: WARFRAN AA 21299 


AUSTRIA 


Bacher Elektronische Gerate GmbH 


Meidlinger Hauptstrasse 78 
A 1120 Vienna 

Tel: (0222) 83 63 96 
TELEX: (01) 1532 


BELGIUM 

Inelco Belgium S.A. 
Avenue Val Duchesse. 3 
B-1160 Brussels 

Tel: (02) 660 00 12 
TELEX: 25441 


DENMARK 

Scandinavian Semiconductor 
Supply A/S 

Nannasgade 18 

DK-2200 Copenhagen N 

Tel: (01) 93 50 90 

TELEX: 19037 


FINLAND 

Oy Fintronic AB 
Loennrotinkatu 35D 
SF 00180 

Helsinki 18 

Tel: (90) 664 451 
TELEX: 12426 


FRANCE 

Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 250997 


GERMANY 

Alfred Neye Enatachnik GmbH 
Schillerstrasse 14 

D-2085 Quickborn-Hamburg 
Tel: (04106) 6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 
Neumarketer Strasse 75 
D-8000 Muenchen 80 

Tel: (089) 434061 

TELEX: 484426 

Jermyn GmbH 

Postfach 1146 

D-6277 Kamberg 

Tel: (06434) 6005 

TELEX: 484426 


MASSACHUSETTS 

Intel Corp.* 

187 Billerica Road, Suite 14A 
Chelmsford 01824 

Tel: (617) 256-4131 

TWX: 710-343-6333 

Computer Marketing Associates 
235 Bear Hill Road 

Waltham 02154 

Tel: (617) 890-1776 


MICHIGAN 

tntel Corp. 

26500 Northwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 

TWX: 910-420-1212 
TELEX: 2 31143 

Carter, McCormic & Peirce, Inc. 
23995 Freeway Park Drive 
Farmington Hills 48024 
Tel: (313) 477-7700 


MINNESOTA 

Intel Corp 

675 Southgate Office Plaza 
5001 West 80th Street 
Bloomington 55437 

Tel: (612) 835-6722 

TWX: 910-576-2867 


Data Electronics 
P.O. Box 32087 
Minneapolis 55432 
Tel: (612) 786-9666 


MISSOURI 

Technical Representatives, Inc. 
Trade Center Bldg. 

300 Brookes Drive, Suite 108 
Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0818 


NEW JERSEY 

Intel Corp. 

2 Kilmer Road 
Edison 08817 

Tel: (201) 985-9100 
TWX: 710-480-6238 


Q.E.D. 

2916 Federal Street 
Camden 08105 
Tel: (215) 925-8711 


NEW MEXICO 

BFA Corporation 

312 West Parker Road 
Las Cruces 99001 

Tel: (505) 523-0601 
TWX: 910-983-0543 


BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-989-1157 


SCANDINAVIA 

Intel Scandinavia A/S* 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Denmark 

Tel: (01) 18 20 00 

TELEX: 19567 


intel Sweden AB* 
Box 20092 
S-16120 Bromma 
Sweden 

Tel: (08) 98 53 90 
TELEX: 12261 


TAIWAN 

Taiwan Automation Co.” 
6th Floor, 18-1, Lane 14 
Chi-Lin Road 

Taipei 

Tel: (02) 551726-9 : 
TELEX: 11942 TAIAUTO 


HONG KONG 

ASTEC Internationa} 
Keystone House, 2nd Floor 
Hankow Road, Kowloon 
Tel: 3-687760 

TELEX: 74899 ASCOM 


{SRAEL 
Eastronics Ltd.* 
11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 

Tel: 475151 
TELEX: 33638 


ITALY 

Eledra 3S S.P.A.* 

Viale Elvezia. 18 

20154 Milan, 

Tel: (02) 3493041 

TELEX: 39332 

Eledra 3S S.P.A.* 

Via Paolo Gaidano, 141D 
10137 Torino 

TEL: (011) 30 97 097 - 30 97 114 
Eledra 3S $.P.A.* 

Via Giuseppe Valmarana, 63 
00139 Rome, italy 

Tel: (06) 81 27 290 - 81 27 324 
TELEX: 63051 


JAPAN 

Pan Electron 

No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 
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NEW YORK 

Intel Corp.* 

6901 Jericho Turnpike 
Syosset 11791 

Tel: (516) 364-9860 
TWX: 510-221-2198 
Intel Corp. 

474 Thurston Road 
Rochester 14619 

Tel: (716) 328-7340 
TWX: 510-253-3841 
T-Squared 

4054 Newcourt Avenue 
Syracuse 13206 

Tel: (315) 463-8592 
TWX: 710-541-0554 


T-Squared 

640 Kreag Road 
P.O. Box W 
Pittsford 14534 
Tel: (716) 381-2551 
TELEX: 97-8289 


Intel Corp. 

55 Market Street 
Poughkeepsie 12601 
Tel: (914) 473-2303 
TWX: 510-248-0060 


Measurement Technology, Inc. 
295 Northern Boulevard 

Great Neck 11021 

Tel: (516) 482-3500 


NORTH CAROLINA 
Col-Ins-Co 

2873 Monticello Drive 
Winston-Salem 27106 
Tel: (305) 423-7615 


OHIO 

Intel Corp. * 

8312 North Main Street 

Dayton 45415 

Tel: (513) 890-5350 

TELEX: 288-004 

Intel Corp.* 

26250 Euclid Ave. 

Suite 531F 

Euclid 44132 

Tel: (216) 289-0101 

Carter, McCormic & Peirce, Inc. 
21380 Lorain Road 

Cleveland 44126 

Tel: (216) 333-5650 

Carter, McCormic & Peirce, Inc. 
5423 Webster Street 

Dayton 45414 

Tel: (513) 278-5873 


ENGLAND 

Intel Corporation (U.K.) Ltd.” 
Broadfield House 

4 Between Towns Road 
Cowley, Oxford OX4 3NB 
Tel: (0865) 77 14 31 

TELEX: 837203 


Intel Corporation (U.K.) Ltd. 
46-50 Beam Street 
Nantwich, Cheshire CW5 5LJ 
Tel: (0270) 62 65 60 

TELEX: 36620 


TAIWAN (cont.) 
Asionics-Taiwan, Inc. 

205 Pa-Teh Road, Section 4 
Taipei 

Tel: 75 55 82 

TELEX: 22158 Asionics 


JAPAN (cont.) 

Ryoyo Electric Corp. 
Konwa Bidg. 

1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 


NETHERLANDS 
Inelco Nederland 
AFD Elektronic 

Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 


NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 

N-Oslo 2 

Tel: (02) 55 38 93 

TELEX: 16963 


PORTUGAL 

Ditram 

Componentes E Electronica LDA 
Av. Miguei Bombarda. 133 
Lisboa 1 

Tel: 119 45 313 


SOUTH AFRICA 

Electronic Building Elements 
P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 


SPAIN 

Interface 

Ronda San Pedro 22 
Barcelona 10 

Tel: 301 78 51 


OREGON 

ES/Chase Company 

P.O. Box 602 

Beaverton 97005 

Tel: (503) 642-2732 or 228-2521 


PENNSYLVANIA 

Intel Corp.* 

§20 Pennsylvania Ave. 

Fort Washington 19034 

Tel: (215) 542-9444 

TWX: 510-661-0709 

Carter, McCormic & Peirce, Inc. 
409 Beatty Road 

Monroeville 15146 

Tel: (412) 372-4415 


TEXAS 

Microsystems Marketing Inc. 
13777 N. Central Expressway 
Suite 405 

Dallas 75231 

Tel: (214) 238-7157 

TWX: 910-867-4763 
Microsystems Marketing Inc. 
6610 Harwin Avenue, Suite 125 
Houston 77036 

Tel: (713) 783-2900 


intel Corp.* 

6350 L.B.J. Freeway 
Suite 178 

Dallas 75240 

Tel: (214) 661-8829 

TWX: 910-860-5487 


UTAH 

BFA Corporation 
395 Lawndale Drive 
Salt Lake City 84115 
Tel: (801)466-6522 
TWX: 910-925-5666 


WASHINGTON 
E.S./Chase Co. 
P.O. Box 80903 
Seattle 98108 

Tel: (206) 762-4824 
TWX: 910-444-2298 


CANADA 

Intel Corp. 

70 Chamberlain Ave. 
Ottawa, Ontario K1S 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 


Multilek, Inc.* 

4 Barren Street 

Ottawa, Ontario K2U 1G2 
Tel: (613) 825-4553 
TELEX: 053-4585 


GERMANY 

Intel Semiconductor GmbH* 
Seidistrasse 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 


intel Semiconductor GmbH 
D-6272 Niedernhausen 
Wiesenweg 26 

Tel: (06127) 2314 

TELEX: 04186183 


Intel Semiconductor GmbH 
D-7000 Stuttgart 80 
Ernsthaldenstrasse 17 

Tel: (0711) 7351506 
TELEX: 7255346 


SWEDEN 

Nordisk Electronik AB 
Fack 

S-10380 Stockholm 7 
Tel: (08) 248340 
TELEX: 10547 


SWITZERLAND 
industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 

Tel: (01) 60 22 30 
TELEX: 56788 


UNITED KINGDOM 
Rapid Recall, Ltd. 
11-15 Betterton Street 
Drury Lane 

London WC2H 9BS 
Tel: (01) 379-6741 
TELEX: 28752 


G.E.C. Semiconductors Ltd. 
East Lane 
Wembiey HA9 7PP 
Middlesex 

Tel: (01) 904-9303 
TELEX: 923429 
Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 50144 
TELEX: 95142 


*Field Application Location 


intel 


INTEL SALES AND MARKETING OFFICES 


European Marketing Headquarters 


Intel International, Parc Seny - 


Rue du Moulin a Papier 51, Bte 1, Brussels, Belgium - Tel.: 02/660 30 10 - Telex: 24814 


BELGIUM 

Intel International 

Parc Seny 

Rue du Moulin a Papier 51, Bte 1 
B-1160 Brussels 

Tel.: 02/660 30 10 - Telex: 24814 


ENGLAND 

Intel Corporation UK Ltd 

Broadfield House 

4 Between Towns Road | | 
Cowley, Oxford England OX4 3NB 
Tel.: 0865/77 1431 - Telex: 837203 


Intel Corporation UK Ltd 

46-50 Beam Street 

Nantwich, Cheshire 

England CW5 5LJ 

Tel.: 0270/626560 - Telex: 36620 


FRANCE 

Intel s.a.r.l. 

74, Rue d’Arcueil 

Silic 223 

94528 Rungis Cedex 

Tel.: 1/687 22 21 - Telex: 270475 


GERMANY 

Intel Semiconductor GmbH 

D-8000 Miinchen 2 

Seidistrasse 27 

Tel.: 089/55 81 41 - Telex: 523177 


Intel Semiconductor GmbH 

D-6200 Wiesbaden 1 

Abraham Lincoln Strasse 30 

Tel.: 06121/74855 - Telex: 4186183 


Intel Semiconductor GmbH 

D-700 Stuttgart 80 

Ernsthaldenstrasse 17 

Tel.: 0711/735 15 60 - Telex: 7255346 


SCANDINAVIA 

Intel Scandinavia A/S 

Lyngby vej 32 - 2nd floor 
DK-2100 Kobenhavn E 

Tel.: 01/18 2000 - Telex: 19567 


Intel Sweden AB 

Box 20092 

S-16120 Bromma 

Sweden 

Tel.: (08)375370 - Telex: 12261 
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AUSTRIA 

Bacher Elektronische 
Gerate GmbH 

Meidlinger Hauptstrasse 78 
A-1120 Wien 


Tel.: 0222/83 63 96 - Telex: 01-1532 


BELGIUM 

Inelco Belgium S.A. 

Avenue Val Duchesse 3 

B-1160 Bruxelles 

Tel.: 02/660 00 12 - Telex: 25441 


DENMARK 

Scandinavian Semiconductor 
Supply A/S 

Nannasgade 20 

DK-2200 Kobenhavn N 

Tel.: 01/83 50 90 - Telex: 19037 


FINLAND 

Oy Fintronic AB 

Loenn Rotinkatu 35D 

SF - 00180 Helsinki 18 

Tel.: 090/601155 - Telex: 123107 


FRANCE 

Tekelec Airtronic 

Cité des Bruyeres 

Rue Carte Vernet 

F-92310 Sevres 

Tel.: 1/0277535 - Telex: 250997 


GERMANY 

Alfred Neye Enatechnik GmbH 
D-2085 Quickborn (Hamburg) 
Schillerstrasse 14 

Tel.: 04106/612-1 - Teléx: 2-13590 


Electronic 2000 Vertriebs GmbH 
D-800 Miinchen 80 

Neumarketer Strasse 75 

Tel.: 089/434061 - Telex: 52261 


Jermyn GmbH 

D-6277 Kamberg 

Postfach 1146 

Tel.: 06434/6005 - Telex: 484426 


ISRAEL 

Eastronics Ltd 

11 Rozanis Street 

P.O. Box 39300 

IL-Tel-Aviv 61390 

Tel.: 03/475151 - Telex: 33638 


ITALY 

Eledra Spa 

Viale Elzevia, 18 

|-20154 Milano 

Tel.: 02/34 93 041 - Telex: 39332 


NETHERLANDS 

Inelco Nederland N.V. 

Joan Muyskenweg 22 

NL-1006 Amsterdam 

Tel.: 020/93 48 24 - Telex: 14622 


NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 

N-Oslo 2 

Tel.: 02/55 38 93 - Telex: 17546 


SOUTH AFRICA 

Electronic Building Elements 
P.O. Box 4609 

Pretoria 

Tel.: 078/9221 - Telex: 30181 
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INTERNATIONAL DISTRIBUTORS 


SPAIN 

Interface S.A. 

Ronda San Pedro 22, 3°, 3° 
E -Barcelona 10 

Tel.: 093/3017851 


SWEDEN 

Nordisk Elektronik AB 

Fack 

S-103 Stockholm 7 

Tel.: 08/24 83 40 - Telex: 10547 


SWITZERLAND 

Industrade AG 

Gemsenstrasse 2 

CH-8021 ZURICH 

Tel.: 01/60 22 30 - Telex: 56788 


UNITED KINGDOM 

Jermyn Industries 

Vestry Estate 

Sevenoaks Road 

Sevenoaks, Kent 

Tel.: 0732/51174 - Telex: 95143 


GEC Semiconductors Ltd 

East Lane 

GB-Wembley HA97PP 

Tel.: 01/9049303 - Telex: 923429 


Rapid Recall Ltd 

9 Betterton Street 

Drury Lane 

GB - London WC2H 9BS 

Tel.: 01/3796741 - Telex: 28752 


